
Annals of Medical Research 
The Offical Journal of Inonu University Faculty of Medicine

April 2025Issue: 4Volume: 32Ann Med Res

Analysis of cancellations of surgery for 
benign prostatic hyperplasia after patients 
are taken to the operating room: 
A retrospective single-center study 
Kolukcu et al.

Effects of pre-eclampsia on corneal 
tomography and specular microscopy
parameters: A prospective study  
Ismayilov et al.

Analysis of newborn hearing screenings 
from 2018- 2022 
Aksoy et al.

Prognostic value of the lymphocyte-albumin 
index combined with PSI score in predicting 
mortality in severe community-acquired 
pneumonia 
Gulsum Altuntas

Anatomic variations of the gastrocolic
trunk of Henle and implications for
colon surgery    
Erginoz et al.

Punctoplasty surgery combined with 
22-gauge ıntracath ıntubation in punctal 
stenosis: A practical, cost-effective, 
and efficient method
Derya Doganay

Does the diagnosis of multiple myeloma
show a seasonal difference? 
Gulsum Akgun Cagliyan

Danger-associated molecular patterns and
their effects in graft-versus-host disease  
Derya Koyun

Original Articles

Letter to the Editor

annalsmedres.org Ann Med Res  E-ISNN: 2636-7688



Annals of Medical Research 
The Offical Journal of Inonu University Faculty of Medicine

April 2025Issue: 4Volume: 32Editorial Board

annalsmedres.org Ann Med Res  E-ISNN: 2636-7688

Ahmet Sami Akbulut, MD, PhD

İnönü University, Faculty of Medicine, 

Department of General Surgery and 

Liver Transplant Institute, Malatya, Türkiye

Ahmet Sarıcı, MD

İnönü University, Faculty of Medicine, 

Department of Heamatology, 

Malatya, Türkiye

Barış Otlu, PhD

İnönü University, Faculty of Medicine, 

Department of Medical Microbiology, 

Malatya, Türkiye

Cem Azılı, MD

Ministry of Health, Ankara Training and 

Research Hospital, Clinic of Surgical 

Oncology, Ankara, Türkiye

Cem Çankaya, MD

İnönü University, Faculty of Medicine, 

Department of Ophthalmology, 

Malatya, Türkiye

Cuma Mertoğlu, MD, PhD

İnönü University, Faculty of Medicine, 

Department of Biochemistry, 

Malatya, Türkiye

Emrah Gündüz, MD

İnönü University, Faculty of Medicine, 

Department of Otolaryngology Surgery, 

Malatya, Türkiye

Ercan Yılmaz, MD

İnönü University, Faculty of Medicine, 

Department of Obstetrics and 

Gynecology, Malatya, Türkiye

Section Editors Biostatistics Editors

Editor-in-Chief
Nurettin Aydoğdu, PhD
İnönü University, Faculty of Medicine, 
Department of Physiology, Malatya, Türkiye

Owner
Mehmet Aslan (Dean)
Inonu University Faculty of Medicine, 
Department of Pediatrics, Malatya, Türkiye

Esra İşçi Bostancı, MD

Gazi University, Faculty of Medicine, 

Department of Obstetrics and Gynecology, 

Ankara, Türkiye

Lokman Hekim Tanrıverdi, MD, PhD

İnönü University, Faculty of Medicine, 

Department of Medical Pharmacology, 

Malatya, Türkiye

Neslihan Çelik, MD

İnönü University, Faculty of Medicine, 

Department of Pediatric Surgery,

 Malatya, Türkiye

Nurettin Taştekin, MD

Trakya University, Faculty of Medicine, 

Department of Physical Medicine and 

Rehabilitation, Edirne, Türkiye

Nurullah Dağ, MD

İnönü University, Faculty of Medicine, 

Department of Radiology, Malatya, Türkiye

Okan Aslantürk, MD

İnönü University, Faculty of Medicine, 

Department of Orthopaedics 

and Traumatology, Malatya, Türkiye

Osman Kurt, MD

İnönü University, Faculty of Medicine, 

Department of Public Health, 

Malatya, Türkiye

Tevfik Tolga Şahin, MD, PhD

İnönü University, Faculty of Medicine, 

Department of General Surgery, 

Malatya, Türkiye

 
Cemil Colak, PhD
Inonu University, Faculty of Medicine, 
Biostatistics and Medical Informatics, 
Malatya, Türkiye

Harika Gozde Gozukara Bag, PhD
Inonu University Faculty of Medicine, 
Biostatistics and Medical Informatics, 
Malatya,Türkiye

Ethics Editor
Mehmet Karataş, MD., PhD
Inonu University, 
Faculty of Medicine, Department
of History of Medicine and Medical 
Ethics, Malatya, Türkiye

Language Editors
Murat Kara, PhD
Siirt University, Faculty of 
Veterinary Medicine, 
Parasitology, Siirt, Türkiye

Publications Coordinator
Neala Bozkurt Dişkaya
Inonu University Faculty of Medicine, 
Annals of Medical Research, 
Malatya,Türkiye

Web and Social Media Editor
Mustafa Karakaplan, PhD
Inonu University Faculty of Medicine, 
Dijital Office Manager, 
Malatya,Türkiye



Annals of Medical Research
The Offical Journal of Inonu University Faculty of Medicine

April 2025Issue: 4Volume: 32Editorial Advisory Board

annalsmedres.org Ann Med Res  E-ISNN: 2636-7688

 
Meltem Kurus
Katip Celebi, University, Faculty of Medicine, 
Histology and Embology , Izmir, Türkiye

Mustafa Canpolat
Inonu University Faculty of Medicine, 
Anatomy, Malatya, Türkiye

Neslihan Yucel
Inonu University, Faculty of Medicine, 
Emergency Medicine, Malatya, Türkiye

Numan Karaarslan
Istanbul Medeniyet University Faculty of Medicine, 
Neurosurgery, Tekirdag, Türkiye

Ozkan Ozger
Istanbul Rumeli University, 
Neurosurgery, Istanbul, Türkiye

Rauf Melekoglu
Inonu University Faculty of Medicine, 
Gyneacology and Obstetrics, Malatya, Türkiye

Reni Kalfin
Institute of Neurobiology, 
Bulgarian Academy of Sciences,  
Sofia, Bulgaria

Rizaldi Taslim
Pinzon Universitas Kristen Duta Wacana 
UKDW  Neurology, Yogyakarta, Indonesia

Siho Hidayet
Inonu University Faculty of Medicine, 
Cardiology, Malatya, Türkiye

Yusuf Yakupoğulları
Inonu University, Faculty of Medicine, 
Clinic Microbiology, Malatya, Türkiye

Yucel Duman
Inonu University Faculty of Medicine, 
Clinic Microbiology, Malatya, Türkiye

 
Adel Hamed Elbaih
Suez Canal University Faculty of Medicine,
Emergency Medicine, Ismailia, Egypt

Ayse Seval Ozgu Erdinc
Ministry of Health, Ankara City Hospital, 
Gynecology and Obstetrics, Ankara, Türkiye

Aysegul Taylan Ozkan
Department of Medical Microbiology
Faculty of Medicine, 
TOBB University of Economics and Technology,
Ankara, Türkiye

Cemsit Karakurt
Inonu University Faculty of Medicine, 
Pediatric Cardiology Malatya, Türkiye

Erdem Topal
Inonu University Faculty of Medicine, Pediatric,
Malatya, Türkiye

Gokce Simsek
Kirikkale University, Faculty of Medicine,
Otorhinolaryngology, Kirikkale, Türkiye

Hakan Parlakpinar
Inonu University Faculty of Medicine,
Medical Pharmacology, Malatya, Türkiye

İbrahim Topçu
Inonu University, Faculty of Medicine,  
Urology, Malatya, Türkiye

Kamran Kazimoglu Musayev
Merkezi Klinika, Cardiovascular Surgery,
Baku, Azerbaijan

Mehmet Hamamci
Bozok University, Faculty of Medicine, 
Neurology, Yozgat, Türkiye

Mehmet Kilic
Firat University Faculty of Medicine, 
Pediatric Immunology and Allergy, Elazig, Türkiye



Annals of Medical Research
The Offical Journal of Inonu University Faculty of Medicine

April 2025Issue: 4Volume: 32Table of Contents

annalsmedres.org Ann Med Res  E-ISNN: 2636-7688

157-162 Effects of pre-eclampsia on corneal 
tomography and specular microscopy 
parameters: A prospective study 
Ayna Sariyeva Ismayilov, Neslihan Parmak 
Yener, Hafize Gokben Ulutas, Burcu Dincgez

163-167 Anatomic variations of the 
gastrocolic trunk of Henle and implications 
for colon surgery 
Ergin Erginoz, Ahmet Necati Sanli, 
Seda Aladag Kurt, Muratcan Firat,
Fatma Guler Yildirim

168-171 Punctoplasty surgery combined 
with 22-gauge ıntracath ıntubation in punctal 
stenosis: A practical, cost-effective, and 
efficient method 
Derya Doganay
  

172-173 Danger-associated molecular 
patterns and their effects in graft-versus-host 
disease
Derya Koyun 

135-138 Does the diagnosis of multiple 
myeloma show a seasonal difference?  
Gulsum Akgun Cagliyan

139-145 Analysis of newborn hearing 
screenings from 2018- 2022 
Ahmet Aksoy, Baris Sapci, Melek Kekul Sapci

146-149 Analysis of cancellations of surgery
for benign prostatic hyperplasia after patients 
are taken to the operating room: A retrospective
single-center study   
Vildan Kolukcu, Fatih Firat
 
150-156 Prognostic value of the 
lymphocyte-albumin index combined with 
PSI score in predicting mortality in severe 
community-acquired pneumonia 
Gulsum Altuntas

Original Articles

Letter to the Editors



Original Article Ann Med Res 2025;32(4):135–138

Current issue list available at AnnMedRes

Annals of Medical Research
journal page: www.annalsmedres.org

Does the diagnosis of multiple myeloma show a seasonal
difference?

Gulsum Akgun Cagliyan

Pamukkale University, Faculty of Medicine, Department of Internal Medicine, Division of Hematology, Denizli, Türkiye

ARTICLE INFO

Keywords:
Multiple myeloma
Seasonal change
Single center
Diagnosis

Received: Jan 24, 2025
Accepted: Feb 13, 2025
Available Online: 25.04.2025

DOI:
10.5455/annalsmedres.2025.01.029

Abstract

Aim: Multiple myeloma (MM) is a heterogeneous disease caused by genetic and envi-
ronmental factors. The present study aims to determine whether the diagnosis of MM
exhibits a seasonal pattern.
Materials and Methods: Eighty new diagnosed patients with MM between January
2020 and July 2024 were included in the study. All data on gender, age and time of
diagnosis were retrospectively analyzed from the files of patients.
Results: Eighty patients newly diagnosed with MM were included in the study. Thirty-
four (42.5%) of them were female and 46 (57.5%) were male. The median age of the
patients was 63 years (41-81). The month with the highest number of MM diagnoses was
November, with nine patients (11.3%), while the month with the least number of diagnoses
was July, with four patients (5%). The season with the highest number of diagnoses was
winter, with 22 patients (27.5%) diagnosed, followed by spring and autumn, each with 20
patients (25%). The least number of MM diagnoses was observed in the summer, with 18
patients (22.5%). This observation did not reach statistical significance (p>0.05). Among
the 80 patients, 44 were diagnosed between October and March, while 36 were diagnosed
between April and September. The number of new cases was higher in the colder seasons.
Conclusion: In our study, the diagnosis of MM does not appear to show seasonal varia-
tion. We observed that new cases with MM increased in the cold months. Since infections
are a common presenting feature in Multiple Myeloma (MM), clinicians should maintain
a high index of suspicion for MM in patients with recurrent or unusual infections.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Multiple myeloma (MM) is a hematologic malignancy
characterized by the proliferation of monoclonal plasma
cells in the bone marrow. These plasma cells originate
from post-germinal center B lymphocytes. MM represents
approximately 1% of all cancers and is the second most
common hematologic malignancy, following lymphoma.
The median age at diagnosis is 66-70 years, with approxi-
mately 37% of cases occurring in individuals younger than
65. MM is rare in young individuals, particularly those
under 30 years old. While familial cases are reported, MM
is generally not considered a genetically inherited disease
[1-3]. Studies on patients with MM have contributed to
a better understanding of the pathophysiology of the dis-
ease. Mutations involving chromosome 14 are common in
MM and lead to disease development. Mutations involv-
ing NRAS (Neuroblastoma RAS viral oncogene homolog),

∗Corresponding author:
Email address: drgulsumakgun@gmail.com ( Gulsum Akgun

Cagliyan)

KRAS (Kirsten rat sarcoma viral oncogene homolog), and
BRAF (B-Raf proto-oncogene, serine/threonine kinase)
play a significant role in the uncontrolled proliferation of
plasma cells.
Obesity, alcohol consumption, and exposure to environ-
mental factors such as pesticides, organic solvents, and
radiation have been associated with an increased risk of
developing MM. The incidence of MM is known to be
higher in individuals of Black ethnicity and in males [4,5].
The consumption of fruits, vegetables, whole grains, and
seafood has been shown to reduce the risk of MM. MM is
also more frequently observed in individuals with vitamin
D deficiency [6]. Climate change, environmental pollution,
aging, and anemic hypoxia are factors that contribute to
an increased risk of MM [7,8]. Environmental and genetic
factors play a role in the development of MM. The im-
pact of seasonality on MM diagnosis has not been previ-
ously evaluated in Turkey. This study aims to determine
whether MM diagnosis exhibits any seasonal variation.
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Materials and Methods
We included 80 newly diagnosed patients with MM be-
tween January 2020 and July 2024. All patients underwent
routine tests necessary for the diagnosis of MM, including
complete blood count, biochemistry, sedimentation rate,
immunoglobulins, free light chains, serum and 24-hour
urine protein electrophoresis and immunofixation, as well
as bone marrow aspiration and biopsy. Data regarding
the age, gender, time of diagnosis, stage, and MM subtype
for all the patients were retrospectively collected from the
medical records. Renal involvement was defined as acute
renal injury, chronic renal injury, proteinuria, hematuria,
renal crystallopathy, and hypercalcemia.
Written informed consent was obtained from all patients,
and the study was conducted under the principles of the
Helsinki Declaration.

Statistical analysis

Statistical analyses were performed using Statistical soft-
ware Package for Social Sciences (SPSS) for Windows ver-
sion 25.0 (Statistical Package for the Social Sciences, IBM
Corp., Armonk, NY, USA). Categorical data were pre-
sented as frequencies and percentages, while continuous
variables were summarized as mean ± standard devia-
tion or median (min-max) based on their distribution.
The study utilized a non-probability convenience sampling
method. The sample size was calculated using a popula-
tion proportion formula with a 95% confidence level, a
margin of error of 5%, and an assumed prevalence of sea-
sonal variation in diagnoses of hematologic malignancies
based on the literature data. Based on these parameters,
a minimum sample size of 73 was determined. To account
for potential data inconsistencies, 80 patients newly diag-
nosed with multiple myeloma between January 2020 and
July 2024 were included in the study.

Results
The study included 80 newly diagnosed patients with
multiple myeloma (MM), comprising 34 females (42.5%)
and 46 males (57.5%). The median age of the patients
was 63 years, ranging from 41 to 81 years. The median

Figure 1. Monthly Distribution of newly diagnosed patients with MM.

Table 1. Characteristics of Patients with Multiple Myeloma.

n=80

Age (median, min-max) 63 (41-81)

Gender
Female 34 (42.5 %)
Male 46 (57.5 %)

Leukocytes (mm3 ) 6520 (2540-15540)
(median, min-max)
Hemoglobin (gr/dl) 9.8 (5.5-15.8)
(median,min-max)gr/dl
Platelets (mm3) 215.000 (16.000-551.000)
(median, min-max)
Sedimentation (mm/h) 88 (28-159)
B2 microglobulin (mg/L) 7.06 (2.01-20.4)
Stage (R-ISS) (I,II,III) 14 (17.5%), 28 (%35%), 38(47.5%)
Presence of renal involvement 33 (41.3%)

MM type
Ig G Kappa 45 (56.25%)
Ig G Lambda 22 (27.5%)
Ig A Kappa 6 (7.5%)
Ig A Lambda 4 (5%)
Nonsecretory 3 (3.75%)

Table 2. Distribution of Patients Diagnosed withMultiple Myeloma Accord-
ing to Months and Seasons.

Months n=80 Seasons n=80

December 7 ( 8.8%)
Winter 22 (27.5 %)January 7 (8.8%)

February 8 (10%)

March 8 (10%)
Spring 20 (25 %)April 7 ( 8.8%)

May 5 (6.3%)

June 7 (8.8%)
Summer 18 (22.5 %)July 4 (5%)

August 7 (8.8%)

September 6 (7.5%)
Autumn 20 (25 %)October 5 (6.3%)

November 9 (11.3%)

hemoglobin level was 9.8 g/dl, with values ranging from
5.5 to 15.8 g/dl. The median sedimentation rate was 88
mm/h, ranging from 28 to 159 mm/h. According to the
Revised International Staging System (R-ISS), 14 patients
(17.5%) were classified as stage I, 28 patients (35%) were
classified as stage II, and 38 patients (47.5%) were classi-
fied as stage III. Renal involvement at diagnosis was ob-
served in 33 patients (41.3%). The most common type of
MM was IgG Kappa. The characteristics of the patients
are presented in Table 1.
The distribution of MM diagnoses by month is illustrated
in Figure 1, and the monthly and seasonal distribution of
diagnoses is detailed in Table 2. November had the highest
number of MM diagnoses with 9 patients (11.3%), whereas
July had the fewest diagnoses with 4 patients (5%). Win-
ter recorded the highest number of diagnoses with 22 pa-
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tients (27.5%), followed by spring and autumn, each with
20 patients (25%). Summer had the lowest number of
MM diagnoses with 18 patients (22.5%). An evaluation
of newly diagnosed MM patients based on the season of
diagnosis revealed no significant difference (p>0.05) (Ta-
ble 2). Furthermore, 44 patients were diagnosed between
October and March, while 36 patients were diagnosed be-
tween April and September, indicating a higher number of
diagnoses during colder seasons.

Discussion
Multiple Myeloma (MM) is an incurable disease char-
acterized by relapses despite improved survival and re-
sponse rates with proteasome inhibitors, immunomodu-
latory agents, and anti-CD38 monoclonal antibody treat-
ments [9,10]. As our understanding of the tumor microen-
vironment and genetic landscape deepens, the pathogene-
sis and treatment response risk factors for MM will become
clearer. MM is a heterogeneous disease, and the impact of
seasonality on MM remains uncertain. This study aims to
present single-center analysis data to determine if a sea-
sonal variation in MM exists.
Several studies have evaluated seasonality in hematologic
malignancies. Factors such as aging, air pollution, dry
seasons, and global warming have been identified as sig-
nificant determinants of hematologic malignancies among
African patients [11]. Hassan et al. [12] assessed 1982 cases
of hematologic diseases over a 10-year period. They ob-
served a seasonal relationship with acute leukemia, aplas-
tic anemia, and immune thrombocytopenia, with an in-
creased number of cases during the southwest monsoon pe-
riod. However, no specific seasonal relationship was found
with acute promyelocytic leukemia. Borchmann et al. [13]
conducted a study involving 41,405 cases of Hodgkin lym-
phoma and identified a seasonal relationship, suggesting a
protective role for vitamin D in Hodgkin lymphoma.
Data from Atlanta, evaluating seasonality in 120 MM pa-
tients, showed significant seasonal variation in MM fre-
quency. Over five years, an average of 10 cases were di-
agnosed per month. From October to March, monthly di-
agnoses exceeded 10, while from April to September, they
were 10 or fewer. In total, 77 cases were diagnosed be-
tween October and March, whereas only 43 cases were di-
agnosed between April and September. When correlating
these data with Atlanta’s average monthly temperatures,
an increase in MM diagnoses during colder months was
observed. However, this correlation was deemed inconclu-
sive. For instance, April, with only five diagnoses, was on
average two degrees colder than October, which had 14
diagnoses. While the winter predominance in the entire
cohort cannot be fully explained, it suggests that acute
respiratory infections may accelerate MM diagnosis [14].
In the present study, 44 of the 80 patients were diagnosed
between October and March, while 36 were diagnosed be-
tween April and September. Specifically, 22 cases were
diagnosed during winter, 20 each in spring and autumn,
and 18 during summer. November had the highest number
of diagnoses (9 cases), while July had the fewest (4 cases).
More cases were observed during the colder months.
MM is characterized by bone involvement, renal fail-
ure, anemia and cytopenias, elevated sedimentation rate,

hypercalcemia, coagulation abnormalities, neurological
symptoms, hyperviscosity, and increased susceptibility to
infections [4,5]. Infections are frequently observed in MM
patients due to age-related immune dysfunction, changes
in immunoglobulin production, and treatment-related im-
munosuppression. The risk of opportunistic bacterial and
viral infections, including seasonal influenza viruses, in-
creases by 7-10 times in MM patients. Deaths in MM often
result from disease progression or infections [5,6]. Patients
presenting with infection-related symptoms facilitate the
diagnosis of MM. Both the Atlanta data and the present
study have shown increased MM diagnoses during periods
of heightened respiratory tract infections.
Climate change, excessive ultraviolet radiation exposure,
and vitamin D deficiency contribute to immune system
impairment in MM. A study at the Mayo Clinic evaluated
vitamin D deficiency in 148 newly diagnosed MM patients
and found no seasonal variation in vitamin D status. Given
that vitamin D levels can be significantly influenced by
skin pigmentation, sun exposure, geographic location, and
diet, the lack of a seasonal correlation is understandable
[15]. Vitamin D levels were not evaluated in the present
study, which is a limitation to be considered.

Conclusion
Our study found no seasonal variation in the diagnosis
of multiple myeloma (MM). However, there was an in-
crease in new MM cases during the colder months, specifi-
cally with patients presenting infection findings, leading to
faster diagnoses. MM is a hematologic malignancy asso-
ciated with higher morbidity and mortality. Understand-
ing the factors that increase susceptibility to MM requires
prioritizing improvements in lifestyle habits, diagnostic ca-
pacity, and treatment availability. Future research should
investigate the underlying causes of these trends.
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Abstract

Aim: This study aims to assess the Newborn Hearing Screening (NHS) program con-
ducted in Sivas province between 2018 and 2022. The main objectives include determin-
ing the percentage of infants who failed the screening, investigating potential reasons, and
outlining the follow-up and treatment procedures for infants diagnosed with congenital
hearing loss.
Materials and Methods: This study analyzed the outcomes of otoacoustic emissions
(OAE) and screening Auditory Brainstem Response (ABR) in infants undergoing newborn
hearing screening. We analyzed the prevalence of congenital hearing loss and identified
associated risk factors in affected infants. It also documented the types and rates of
treatments administered to infants diagnosed with hereditary hearing loss.
Results: Of 6,585 babies, 27.12% failed the first hearing screening, and 15.5% failed
the subsequent screening. During the second screening, 45 babies failed the tests and
underwent clinical Auditory Brainstem Response (ABR) testing. We detected congeni-
tal hearing loss in 45 infants. Among these,23 infants were fitted with hearing aids, 12
underwent cochlear implantation, and 10 followed up. As a result, the rate of congenital
hearing loss in infants was 0.68%.
Conclusion: Recent 5-year data on newborn hearing screening shows congenital hearing
loss of 0.48% for bilateral hearing loss and 0.68% for total hearing loss, aligning with
existing literature. Screening initiatives are crucial in identifying hearing loss early and
integrating individuals into society through interventions that restore hearing functions
while preserving cognitive development.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
A deficiency in hearing results in defects in language,
speech, adaptability, and communication skills. The ab-
sence of normal hearing in the neonatal period can pro-
foundly affect speech, language development, and cogni-
tive, social, and emotional growth [1]. Congenital hearing
loss affects around 1 in 1000 live births, with a higher
frequency in high-risk groups [2,3]. Newborns may be at
risk of hearing loss due to various factors. These include
premature birth (gestational age ≤34 weeks), low birth
weight (<1500 g), being born to deaf parents, TORCH in-
fections, neurological disorders, hyperbilirubinemia, cran-
iofacial anomalies, known syndromes associated with hear-
ing loss, and severe birth asphyxia (APGAR score below
seven at 5 minutes). Around 3-5% of newborns were re-
ported to be at risk of permanent hearing loss [3].
Every year, over 500,000 babies are born with significant
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hearing loss. Delayed diagnosis can negatively impact their
language and speech skills, and this can have an adverse
effect on their academic progress [4]. A child with mod-
erate hearing loss who does not use auditory amplifica-
tion may miss up to 50% of daily conversations [5]. Early
diagnosis of hearing loss in newborns is crucial because
the best treatment outcomes are obtained within the first
three months after birth. Early intervention before the
baby reaches six months old is advisable if hearing loss is
detected. It is not uncommon for families to overlook pro-
found hearing loss in infants during their early years, while
mild or moderate hearing loss may not be noticeable until
the child reaches school age. Surveillance tests for hearing
have been implemented to help identify hearing impair-
ments early on [6]. The United States and other West-
ern countries introduced newborn hearing surveillance pro-
grams in the late 1990s. Marmara University began im-
plementing these programs in Turkey in 1996, initially at
the hospital level. The first official protocol was signed
in 2004 and became mandatory nationwide in 2007 [5,7].
Sivas State Hospital initiated hearing screenings in 2007,
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and from May 2010 onwards, Sivas Cumhuriyet University
actively conducted screenings.
The initial hearing screening tests for infants include Tran-
sient Evoked Otoacoustic Emissions (TEOAE) and screen-
ing Auditory Brainstem Response (ABR). If a baby fails
these tests twice, it will undergo clinical ABR testing to
determine if it has congenital hearing loss. If a diagno-
sis confirms hearing loss, hearing aids should be recom-
mended. Cochlear or brainstem implants are suggested
for infants without hearing aids [5,7].
We aimed to analyze the Newborn Hearing Screening
(NBST) programs conducted in Sivas province between
2018 and 2022, determine the proportion of infants who
failed screening, and reveal the predisposing factors that
may contribute to this outcome. It also aims to present the
follow-up and treatment procedures for infants diagnosed
with congenital hearing loss.

Materials and Methods
Following the approval of the institutional review board
for scientific ethical conduct (2023-06/26) and the
Ethics Committee of Sivas Provincial Health Directorate
(2023/24), a retrospective evaluation of the hearing screen-
ing results was conducted for infants referred to our
clinic, serving as the reference center for Newborn Hearing
Screening (NHS), between 2018 and 2022. This research
included infants admitted to the neonatal intensive care
unit from other hospitals within or outside the city and
those born in our hospital and undergoing hearing screen-
ing. A certified nurse conducted the hearing screenings,
and at the reference center, two audiometry technicians
and two audiologists performed the audiology tests. Be-
fore February 2019, the newborn screening test involved
TEOAE. The test serenely took place with the baby in a
natural sleep and well-fed state in a quiet and calm envi-
ronment, either in the mother’s arms or on a flat surface.
The sample size of this study was determined retrospec-
tively based on the total number of infants who under-
went the Newborn Hearing Screening (NHS) program at
our reference center between 2018 and 2022. A total of
6,585 newborns were screened during this period. No sep-
arate sample size calculation was required since all eligible
newborns within the specified timeframe were included.
Instead, a complete enumeration sampling method was
employed, meaning that every infant who met the inclu-
sion criteria was included in the study. This methodology
eliminates potential sampling bias and enhances the gen-
eralizability of the findings.
As this study includes all infants who underwent screen-
ing at the reference center within the specified period, it
did not utilize a probabilistic or non-probabilistic sampling
approach but followed a census-based methodology. The
study ensured a robust dataset free from selection bias by
incorporating the entire screened population. It provided
findings that accurately represent the outcomes of neona-
tal hearing screening in the region.
The Maico ERO Scan analyzer (GmbH Salzufer, 13/14,
10587, Berlin, Germany) conducted the TEOAE test. We
selected the probes based on the baby’s external ear canal
size. The test results displayed "PASS" on the screen for

ears that responded and "REFER" for those that did not.
The screening test was successful if it automatically de-
tected a "PASS" result. We utilized the TEOAE test to
take bilateral measurements during hearing screenings. If
we could not obtain a unilateral or bilateral emission re-
sponse, we duly informed the families of the infants and
requested that they undergo a retest after 15 days. Dur-
ing subsequent appointments, infants who did not pass the
unilateral or bilateral TEOAE test underwent an exami-
nation to determine any potential influences on the test re-
sults. This examination involved an assessment of factors
such as middle ear effusion and external ear canal patholo-
gies through an otoscopic examination. After conducting
this evaluation, we retested the infants.
In cases where the TEOAE test did not yield successful
results in the initial two follow-ups, we recommended that
individuals seek additional screening at our reference cen-
ter. Our comprehensive screening procedure involved an
ABR evaluation, administered with the aid of the GN Oto-
metrics ICS Chartr EP 200 device from Denmark. The
result of this assessment is defined as a "pass" or "fail." In
writing, we communicated screening results to families and
recorded the data in follow-up forms. Various parameters,
including the gender of screened infants, birth weight, de-
livery method, neonatal unit stay, gestational age, place
of birth (our university or referred location), TEOAE test
results, and other records, such as ABR, were evaluated
if available. Since February 2019, ABR has been used
to assess hearing functions. Measurement was conducted
using the MB 11 BERAphone Maico® device within 72
hours after birth, before the mother and baby were dis-
charged. The reference value for the measurement was set
at 35 dB nHL. A response at 35 dB nHL was considered
a "PASS" when confirmed during the test. In cases where
no response was obtained or could not be established, the
test result was recorded as "REFER." The screening pro-
cess utilized a "PASS" outcome as the success benchmark,
with measurements conducted in both ears in sequence.
If the result was unsuccessful, they scheduled a follow-up
appointment after 14 days. Before the second test, an ear
examination was performed to evaluate potential issues
with the middle ear or external ear canal that could im-
pact the results. Infants who did not pass the second test
were referred to our reference center for further assessment
due to suspected hearing loss.
Inclusion criteria for this study consisted of all newborns
who underwent the Newborn Hearing Screening (NHS)
program at our reference center between 2018 and 2022,
regardless of their risk status. Both infants born in our
hospital and those referred from external hospitals were
included, provided they completed at least one stage of
the screening process.
Exclusion criteria included infants who did not undergo
any NHS testing, those with incomplete medical records
preventing verification of hearing test results, and those
whose parents declined participation in follow-up assess-
ments. Infants lost to follow-up were recorded separately
and not included in the final prevalence and statistical
analyses dataset. However, their numbers are documented
for transparency.
Newborns referred from external hospitals were managed
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following the same standardized screening protocol as
those born in our hospital. All infants, regardless of birth-
place, underwent otoacoustic emissions (OAE) screening
as a first step. If an infant failed the initial screening, a
second test was performed within 15 days. Infants who
failed the second screening were referred for clinical Audi-
tory Brainstem Response (ABR) testing at our reference
center.
To minimize potential selection bias, the data from re-
ferred infants were analyzed separately for comparative
purposes. However, due to the standardized testing and
follow-up protocol applied across all cases, significant pro-
cedural differences were not observed.
The study aimed to determine the percentage of infants
who failed either TEOAE or screening ABR tests during
the NHS and later underwent clinical ABR testing. The
study also investigated the types and degrees of hearing
loss among infants who underwent clinical ABR. Further-
more, the study determined the percentage of congenital
hearing loss and identified risk factors for infants with rec-
ognized hearing loss. We reported the types and rates of
treatments administered to infants with hereditary hearing
loss.

Statistical analysis
Statistical analyses were conducted using Statistical Soft-
ware Package for Social Science for Windows, version 22.0
(SPSS v22) (IBM Corp., Armonk, NY, USA, Licensed
Software). As the study included only categorical vari-
ables, descriptive statistics were presented as frequencies
and percentages (n, %). A chi-square test was used to ex-
amine the relationships between categorical variables. The
Fisher-Freeman-Halton Exact Test was used when the as-
sumption of expected cell frequencies greater than five was
unmet. A p-value less than 0.05 was considered statisti-
cally significant.

Results
Between 2018 and 2022, 4,799 infants (72.88%) success-
fully passed the first hearing screening, whereas 1,786 in-
fants (27.12%) required further evaluation. In the second
screening, 1,509 infants (84.5%) passed, while 277 infants
(15.5%) remained in the screening process. Infants who
did not pass the second screening underwent clinical Au-
ditory Brainstem Response (ABR) testing, where 232 in-
fants were identified as having normal hearing, and 45 in-
fants were diagnosed with congenital hearing loss. The
flow chart of the patients is summarized in Figure 1.

Table 1. Treatment Modalities used in infants with congenital hearing loss,
n(%).

Types of Treatment Infants with Congenital
Hearing Loss

Hearing aid rehabilitation 23(51.1)
Cochlear implant 12(26.7)
Follow-up 10(22.2)
p* 0.038
*: Chi-Square Test.

The study evaluated the 45 infants diagnosed with congen-
ital hearing loss in depth. Thirty-one (68.9%) were male,
and 14 (31.1%) were female. The analysis of treatment
modalities applied in infants with congenital hearing loss
revealed that hearing aid rehabilitation was the most fre-
quently utilized method, accounting for 51.1% (n = 23) of
cases (Table 1). Cochlear implantation was performed in
26.7% (n = 12) of the infants, while 22.2% (n = 10) were
placed under follow-up without immediate intervention.
A chi-square test indicated a statistically significant dif-
ference in the distribution of treatment modalities; hear-
ing aid was the most frequent treatment modality among
the study group (p = 0.038). This finding suggests that
selecting treatment methods is not random and may be
influenced by specific clinical criteria, such as the severity
of hearing loss, anatomical suitability for cochlear implan-
tation, or other patient-related factors.
The distribution of the risk factors for congenital hear-
ing loss between male and female infants is summarized in
Table 2. Statistical analyses revealed no significant asso-
ciations between congenital hearing loss risk factors and
gender (p=1.000). Specifically, no significant differences
were observed in prematurity, low birth weight (<1500 g),
history of intensive care (≥5 days), family history of hered-
itary hearing loss, or craniofacial anomalies between male
and female infants. These findings suggest that gender is
not a determining factor in developing congenital hearing
loss.
The relationship between treatment methods and gender
was not statistically significant (p = 0.911) (Table 3). This
finding suggests that gender is not a determining factor
in selecting treatment methods. Similarly, no statistically
significant association was observed between birth weight
categories and the applied treatment methods (p = 0.450).
Furthermore, the relationship between gestational age and
treatment methods was not statistically significant (p =
0.681). Additionally, no significant association was found
between the four prematurity classifications based on ges-
tational age and the treatment methods administered (p =
0.193). These results indicate that factors such as preterm
birth or low birth weight do not have a decisive impact on
treatment selection.
This study examined the distribution of risk factors in in-
fants with congenital hearing loss (Table 4). Among the 45
infants included in the analysis, 21 (46.7%) had no iden-
tified risk factors. However, various risk factors were de-
tected, including a history of intensive care stay exceeding
five days (6.7%), a family history of hearing loss (13.3%),
and middle ear and craniofacial anomalies combined with
a prolonged intensive care stay (4.4%).
Additionally, a combination of earlobe anomalies and a
family history of hearing loss was observed in 11.1% of
cases. Prematurity, low birth weight, and prolonged in-
tensive care admission were collectively identified in 13.3%
of the infants. The presence of maternal diseases during
pregnancy, such as hypothyroidism, hypertension, and ges-
tational diabetes, was noted in 2.2% of cases.
A chi-square test revealed a statistically significant differ-
ence in the distribution of risk factors (p = 0.000).
The relationship between various demographic and peri-
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Table 2. Risk factors for hearing in newborns according to gender, n(%).

Risk Factors for Infants with Congenital Hearing Loss Male Female p

Premature 5(15.6) 1(20.0) 1.000&

Birth weight less than 1500 g 5(15.6) 1(20.0)
Hyperbilirubinemia 0(0.0) 0(0.0)
History of intensive care unit stay (more than five days) 9(28.9) 1(20.0)
History of phototherapy 0(0.0) 0(0.0)
Consanguineous marriage of parents 0(0.0) 0(0.0)
Family history of hereditary hearing loss 7(21.9) 1(20.0)
Craniofacial anomaly 5(15.6) 1(20.0)
History of bacterial meningitis 0(0.0) 0(0.0)
History of Ototoxic Drugs 0(0.0) 0(0.0)
Apgar scores below four at 5 minutes 0(0.0) 0(0.0)
The child with syndromic features along with congenital hearing loss 1(3.1) 0(0.0)
&: Fisher Freeman Halton Exact Test.

Table 3. Treatment methods.

Variables Hearing Aid Implant Follow-up p

Gender, n(%)
Male 15(65.2) 9(75.0%) 7(70.0) 0.911&

Female 8(34.8%) 3(25.0%) 3(30.0)

Birth weight, n(%)

0.450&

Normal delivery 18(85.7) 6(60.0) 8(88.9)
<1000 g 0(0.0) 1(10.0) 0(0.0)
1000 -1500 g 1(4.8) 0(0.0) 0(0.0)
1500 -2500 g 2(9.5) 2(20.0) 1(11.1)
Over 4000 g 0(0.0) 1(10.0) 0(0.0)

Birth week, n(%)
Miad 17(73.9) 9(75.0%) 6(60.0%) 0.681&

Preterm 6(26.1) 3(25.0%) 4(40.0%)

Gestational age, n(%)

0.193&
Term (38-42 weeks) 17(73.9) 9(75.0) 6(60.0%)
Preterm (36-37 weeks) 3(13.0) 0(0.0) 4(40.0%)
Moderate preterm (32-35 weeks) 1(4.3) 1(8.3) 0(0.0)
Extremely preterm (24-31 weeks) 2(8.7) 2(16.7) 0(0.0)

&: Fisher Freeman Halton Exact Test.

Table 4. Distribution of risk conditions in infants with congenital hearing loss, n(%).

Risk Factors for Congenital Hearing Loss in Infants Number of Infants

No risk 21(46.7)
Intensive care unit stay for more than 5 days 3(6.7)
Family history of hearing loss 6(13.3)
Presence of Craniofacial anomalies involving the middle ear and need for intensive care unit stay for more than 5 days. 2(4.4)
Earlobe anomalies, ear canal anomalies, family history of hearing loss 5(11.1)
Earlobe anomalies 1 (2.2)
Prematurity, low birth weight, and need for intensive care unit stay for more than 5 days. 6(13.3)
Maternal diseases during pregnancy (hypothyroidism, hypertension, and gestational diabetes) 1(2.2%)

p* 0.000
*: Chi-Square Test.

natal characteristics and the presence of risk factors for
congenital hearing loss was analyzed (Table 5). The ab-
sence of risk factors was more frequently observed in male
infants (52.4%) than in females (47.6%), but this difference
was not statistically significant (p = 0.352).

Birth weight was significantly associated with risk factors
(p = 0.002). Infants with normal birth weight (2500–4000
g) had the highest proportion of cases without identified
risk factors (44.4%). In contrast, all infants with extremely
low birth weight (<1000 g) and very low birth weight
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Table 5. Risk factors of the study group.

Variables No Risk

Prolonged Hearing Craniofacial Ear Anomalies Prematurity, Pregnancy-

p

ICU loss Anomalies, Anomalies, of Low Birth related

stay in Prolonged Family the Weight, maternal

>5 days family ICU History of auricle Prolonged ICU diseases

Stay >5 days Hearing Loss Stay >5 days

Gender, n(%)

Male 11(52.4) 3(100.0) 5(83.3) 2(100.0) 4(80.0) 1(100.0%) 5(83.3) 0(0.0)
0.352&

Female 10(47.6) 0(0.0) 1(16.7) 0(0.0) 1(20.0) 0(0.0%) 1(16.7) 1(100.0)

Birth weight, n(%)

Normal birth 17(94.4) 3(100.0) 4(80.0) 2(100.0) 5(100.0) 1(100.0) 0(0.0)

0.002&
<1000 g 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) 0(0.0)

1000 -1500 g 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) 0(0.0)

1500 -2500 g 1(5.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4(66.7) 0(0.0)

Over 4000 g 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Birth week, n(%)

Miad 17(81.0) 2(66.7) 5(83.3) 2(100.0) 5(100.0) 1(100.0) 0(0.0) 0(0.0)
0.001&

Preterm 4(19.0) 1(33.3) 1(16.7) 0(0.0) 0(0.0) 0(0.0) 6(100.0) 1(100.0)

Gestational age, n(%)

Term
17(81.0) 2(66.7) 5(83.3) 2(100.0) 5(100.0) 1(100.0) 0(0.0) 0(0.0)

0.001&

(38-42 weeks)

Preterm
4(19.0) 1(33.3) 1(16.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0)

(36-37 weeks)

Moderate preterm
0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(33.3) 0(0.0)

(32-35 weeks)

Extremely preterm
0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4(66.7) 0(0.0)

(24-31 weeks)

&: Fisher Freeman Halton Exact Test, ICU; Intensive Care Unit.

(1000–1500 g) had at least one risk factor, with some re-
quiring prolonged intensive care stays. Additionally, in-
fants with birth weight over 4000 g exhibited a higher
prevalence of risk factors such as prematurity and intensive
care admission.
Gestational age at birth was also significantly related to
the presence of risk factors (p = 0.001). Full-term infants
(≥38 weeks) had the highest proportion of cases without
risk factors (81%), whereas preterm infants, particularly
those born at ≤31 weeks, showed an increased likelihood
of risk factors, including prolonged intensive care stays
and prematurity-related complications. Notably, all in-
fants born at 24–31 weeks exhibited at least one risk fac-
tor, with 66.7% requiring intensive care for more than five
days.
Additionally, maternal diseases during pregnancy, includ-
ing hypothyroidism, hypertension, and gestational dia-
betes, were more prevalent in preterm births, particularly
among infants requiring neonatal intensive care. The as-
sociation between maternal diseases and risk factors for
congenital hearing loss approached statistical significance
(p = 0.06).

Discussion
Delayed diagnosis and treatment of congenital hearing loss
have been shown to negatively impact the speech functions
of infants, resulting in delayed language development and
affecting their cognitive and behavioral growth [1,4,5]. It

is crucial to prioritize the timely diagnosis and treatment
of congenital hearing loss to mitigate the potential adverse
outcomes and optimize the overall development of the in-
fants. The American Academy of Pediatrics has recom-
mended that infants be screened for hearing before three
months and initiate any necessary treatment before six
months of age in individuals with abnormal hearing tests
[1-4].

Advanced objective tests are employed to evaluate hear-
ing functions in infants during screenings. Two commonly
used methods are Otoacoustic Emissions (OAE) and ABR
screening. The OAE device, developed by David Kemp in
1978, evaluates the portion of the auditory pathway up to
the outer hair cells in the cochlea. In contrast, the audi-
tory pathways from the cochlear nerve to the brainstem
are assessed through stimulus in the auditory brainstem.
Otoacoustic emissions are an objective measurement based
on recording waves generated in the cochlea in response to
sound stimuli. However, debris in the ear canal, earwax, or
inflammation in the middle ear can adversely affect OAE
measurements. Screening ABR can be conducted more
quickly; however, clinical ABR demands more time and
technical expertise [1,4]. OAE and ABR tests are com-
monly used to evaluate different hearing domains.

Maris et al. [8] conducted a retrospective analysis on in-
fants who failed the newborn hearing screening. They
concluded that ABR should be the preferred method for
newborn hearing screening due to its higher prevalence in
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detecting auditory neuropathy/dysynchrony [8]. The con-
genital hearing loss rate is reported to be between 0.1%
and 0.6% [2,6].
We found the rate of congenital hearing loss in our region
to be close to the literature, being 0.68%, with a bilateral
rate of 0.48%. Ohl et al. [3] determined the rate of per-
manent hearing loss to be 3-5% and attributed this high
rate to the presence of high-risk groups [3]. Genç et al.
[5]reported that 0.2% of the 5485 infants had bilateral se-
vere hearing loss. A large-scale study conducted in Japan
reported a prevalence of congenital hearing loss at 1.62 per
1,000 newborns (0.162%), with bilateral cases accounting
for 0.84 per 1,000 (0.084%) and unilateral cases at 0.77 per
1,000 (0.077%). Notably, these rates are lower than those
in our study [9]. A systematic review of European neona-
tal hearing screening programs reported a prevalence of
bilateral hearing loss ranging from 0.5 to 20.94 per 1,000
newborns. Most screening programmes achieved coverage
rates exceeding 90% [10]. Between July 2018 and Septem-
ber 2020, 7,287 neonates in China were screened for hear-
ing loss, revealing a prevalence of 3.43 per 1,000 (0.343%).
Of the 25 confirmed cases, 68% (17 cases) had bilateral
hearing loss (0.23% of all neonates), while 32% (8 cases)
had unilateral hearing loss (0.11% of all neonates) [11].
The estimated prevalence of permanent bilateral hearing
loss is 1.33 per 1,000 live births in regions with univer-
sal newborn hearing screening programs. In contrast, ar-
eas without such programs have higher prevalence rates,
with 19 per 1,000 in sub-Saharan Africa and 24 per 1,000
in South Asia [12]. The observed variations in prevalence
rates among the studies may be attributed to differences in
study design, screening protocols, diagnostic criteria, pop-
ulation demographics, and healthcare infrastructure across
regions.
The presence of risk factors for hearing functions in infants
increases the rate of congenital hearing loss. Ototoxic med-
ication, prematurity, low birth weight, and staying in the
intensive care unit for more than seven days are reported
as significant risk factors [6]. Acar et al. [2] investigated
the risk factors in newborns with congenital hearing loss.
They identified mechanical ventilation, family history of
hearing loss, and consanguineous marriage as the most im-
portant risk factors [2].
In infants with congenital hearing loss, we observed that
the most important risk factors were a family history of
hearing loss, low birth weight, prematurity, and staying in
the intensive care unit for more than five days. Sabbagh
et al. [13] reported that premature babies (<35 weeks)
had an increased risk of sepsis due to a weaker immune
system, making them more susceptible to various infec-
tions and increased the risk of hearing loss. Addition-
ally, they reported that ototoxic drugs, gestational dia-
betes, seizures, hyperbilirubinemia, low birth weight, con-
sanguineous marriage, family history of hearing loss, stay-
ing in the intensive care unit for more than five days, and
craniofacial anomalies further increased the rate of congen-
ital hearing loss [7,13-16]. A study from Beijing found that
55.7% of newborns referred from hearing screening had
confirmed hearing loss, highlighting the impact of com-
prehensive screening and risk factors such as craniofacial
anomalies and low birth weight [17]. Karaca et al. [4]

added that vaginal delivery and infections during preg-
nancy were additional risk factors for newborn hearing loss
[4].
Throughout the history of hearing screening protocols,
studies were initiated as school screenings and eventually
extended to early periods of life. Kemaloğlu et al. [18]
conducted a study on hearing screening, reporting that ap-
proximately 88% of newborns underwent NHS testing in
2013. They stressed the need for an extra hearing screen-
ing program for children in developing nations like Turkey
to address factors such as infections, trauma, and ototoxic-
ity [18]. The national hearing screening program estimates
that screening can be performed in 95% of newborns, and
the objective is to increase this rate [19].
Authorities report a hearing screening test conduct rate
between 96-98% in Sivas province. It is crucial for infants
diagnosed with hearing loss to undergo hearing rehabili-
tation before the age of 6 months. Eligible cases should
receive hearing aids. Similarly, for infants who do not ben-
efit from hearing aids, timely implant surgery (cochlear or
brainstem implant) is necessary to enhance the child’s cog-
nitive, behavioral, and hearing functions more efficiently
[2]. Among the patients, 23 received hearing aids, 12 un-
derwent cochlear implantation, and the remaining were
followed up.
Rockwell et al. [20] found that 16.2% of infants moni-
tored in their institutions could not receive proper moni-
toring during the pandemic. Another research study con-
ducted in the Maryland region of the United States re-
ported that around one-third of infants who failed their
hearing screenings in 2020 and an estimated three-fourths
of those who failed in 2021 did not complete their follow-up
hearing screenings or seek any follow-up care after being
referred for a newborn hearing screening. The researchers
emphasized that hearing screening programs across the
United States were disrupted in many institutions during
the COVID-19 pandemic [20,21].
The COVID-19 pandemic may have affected the newborn
hearing screening program during the years covered by our
study. According to information from authorized institu-
tions, the infant hearing screening rates in Sivas decreased
from around 95% to 90%, similar to the nationwide trend
during the COVID-19 pandemic in Turkey. Due to the in-
creased workload on healthcare professionals during this
period, it is essential to identify infants who were not
screened for hearing loss. If hearing loss is detected later,
prompt action can be taken immediately, even if the child
has already started school.
The absence of immittance measurements for infants and
the inability to access detailed information on risk fac-
tors for individuals with congenital hearing loss constitute
the limitations of this study. In a retrospective study con-
ducted by Bora et al. [22] between 2015 and 2017, evaluat-
ing 3490 newborns over 24 months, they reached TEOAE
results for 2312 cases (66.2%), while 1178 cases (33.8%)
did not have accessible test results. The study highlighted
the incomplete nature of demographic data and empha-
sized the importance of the data recording system [22].
Given the still high rates of congenital hearing loss, screen-
ing data should be processed meticulously to ensure early
diagnosis and treatment.
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Limitations
The absence of extensive data on family history, prena-
tal factors, and environmental risks restricts the study.
Its retrospective design impacts the thoroughness and re-
liability of its results. Additionally, being confined to a
single province may not sufficiently represent national or
international evaluations of neonatal hearing loss.

Conclusion
Implementing the hearing screening program in our coun-
try has been systematic and practical. A comprehensive
analysis of newborn hearing screening data in our province
over the last five years has indicated a congenital hearing
loss rate of 0.48% for bilateral hearing loss and 0.68% over-
all. This rate aligns with findings reported in relevant liter-
ature. Early intervention is crucial for developing auditory
functions and improving cognitive development. As a re-
sult, individuals with hearing loss can be integrated into
society.
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Abstract

Aim: This study aims to evaluate the reasons for canceling elective surgeries for benign
prostatic hyperplasia (BPH) after patients are taken to the operating room.
Materials and Methods: Data from 1743 cases scheduled for elective surgery due to
BPH that were taken to the operating room between December 2011 and June 2024 were
retrospectively analyzed. The demographic data, American Society of Anesthesiologists
(ASA) status, reasons for cancellation. The clinical course of the 89 patients (5.1%) whose
surgeries were canceled in the operating room were evaluated.
Results: The mean age of the patients whose surgeries were canceled in the operating
room was 69.2 ± 11.68 years. The most common reasons for surgical cancellations were
cardiovascular system-related pathologies, such as uncontrolled hypertension (33.7%) and
abnormal electrocardiographic changes (12.4%). Eighty-five (95.5%) patients had an ASA
status of 3 or higher. The surgeries of 80 (89.9%) patients were successfully performed
at a later date in our hospital. It was determined that 87.64% of the cancellations could
have been avoidable.
Conclusion: Our study found that 5.1% of elective surgeries due to BPH were cancelled,
and most were avoidable. We believe that rigorous and optimized preoperative patient
assessment is crucial in preventing surgical cancellations, especially in procedures involving
an elderly population, such as surgeries for BPH.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Benign prostatic hyperplasia (BPH) is the proliferative
process of the stromal and epithelial components of the
gland. Prostate enlargement and bladder outlet obstruc-
tion are the main clinical symptoms of BPH. , The preva-
lence of BPH-related lower urinary tract symptoms con-
tinues to increase as the worldwide population ages [1,2].
BPH, which is one of the most common health problems
among aging men, can be managed through several ap-
proaches, including watchful waiting, lifestyle modifica-
tions, pharmacological treatments, and surgical interven-
tion [3,4]. If left untreated, BPH can lead to complications
such as refractory urinary retention, obstructive uropathy,
bladder stones, and recurrent urinary tract infections [5,6].
Large-scale studies report that the annual rate of surgery
for BPH is around 7.5% [4]. Despite the development of
new surgical techniques for BPH and developments in pre-

∗Corresponding author:
Email address: vildankolukcu@gmail.com ( Vildan Kolukcu)

operative patient care, perioperative cancellations are an
essential problem in current practice.

In many developed countries, surgical waiting times are
considered a critical indicator of the quality of the health-
care system. Particularly, the cancellation of operations
once patients are inside the operating room leads to ineffi-
cient use of hospital resources, delays in surgical planning,
and emotional distress for patients [7,8]. Therefore, devel-
oping effective strategies to minimize surgery cancellations
is very important [9]. Recent clinical studies have focused
on reducing cancellations by optimizing hospital capacity
and minimizing the psychological impact of surgical stress
on patients [7,9]. These studies highlight that a significant
portion of cancellations of elective surgeries can be pre-
vented through meticulous preoperative coordination [9].

However, there is limited literature on the specific factors
leading to elective surgery cancellations after patients have
been taken to the operating room. This study aims to
analyze the causes of patient cancellations of surgeries for
BPH. We aimed to analyze this critical health issue among
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the elderly population. While we have conducted a thor-
ough search of the English literature, this study is, to the
best of our understanding, the first to report on cancel-
lations of BPH surgeries after patients have entered the
operating room.

Materials and Methods

Data from 1743 patients who were scheduled for elective
surgery due to BPH and admitted to the operating room
at our institution between December 2011 and June 2024
were analyzed retrospectively. Elective surgeries for BPH
included open prostatectomy, transurethral resection of
the prostate, and transurethral incision of the prostate. All
patients underwent routine preoperative evaluations at the
anesthesia outpatient clinic at the time of their scheduled
operation, which included laboratory blood tests, phys-
ical examination findings, electrocardiograms, and chest
X-rays. In total, procedures of 89 patients (5.1%) were
canceled after the patient entered the operating room. The
demographic data, American Society of Anesthesiologists
(ASA) status, reasons for cancellation, and clinical courses
of whose surgeries were canceled in the operating room
were analyzed.

Cancellations were categorized into two groups: patient-
related reasons and hospital-related reasons. Additionally,
the reasons for cancellation were classified as avoidable
or unavoidable. The classification of arterial hyperten-
sion was made according to current guidelines. Patients
with systolic blood pressure ≥180 mmHg or diastolic blood
pressure ≥110 mmHg were considered to have stage 3 or
more severe hypertension, and their surgeries were can-
celed as suggested by the guidelines [9]. Furthermore, the
surgeries of patients with abnormal electrocardiograms de-
tected during preoperative monitoring were canceled, and
these patients were subsequently referred to the cardiology
department. Similarly, patients with abnormal hormonal
and biochemical results documented in the operating room
were referred to the endocrinology department. On the
other hand, patients with oral herpes, positive urine cul-
ture, and upper or lower respiratory tract infections de-
tected preoperatively were referred to the infectious dis-
eases department. We also analyzed the subsequent surg-
eries to determine whether the patients who received sub-
sequent surgery at the same center.

The study was approved by Tokat Gaziosmanpasa Univer-
sity Local Ethics Committee (24- KAEK-225).

Statistical analysis

We performed descriptive analysis in the present study.
The continuous variabşes are expressed in mean and stan-
dard deviation. The categorical variables are expressed in
number of affected individuals and the percentage of the
study population. The normal distrinution of the contin-
uous variables were evaluated using Kolmogorov-Smirnov
test. Any p value less than 0.05 were defined as statistical
significance. All statistical analyses were performed on the
Statisrical software Package for Social Sciences version 22
(SPSSv22, IBM, USA)

Results
The data of 1743 patients admitted to the operating
room for elective surgery due to BPH were retrospec-
tively analyzed. In total, 179 open prostatectomies,
1468 transurethral resection of the prostate, and 96
transurethral incision of the prostate were planned. The
surgeries of 89 patients (5.1%) were canceled in the oper-
ating room. Of these, 2 patients (2.3%) were scheduled for
transurethral incision of the prostate, 26 (29.2%) for open
prostatectomy, and 61 (68.5%) for transurethral resection
of the prostate. The mean age of the patients whose surg-
eries were canceled was 69.2 ± 11.68 years. Four patients
(4.5%) were classified as ASA 2, 63 (70.8%) as ASA 3, and
22 (24.7%) as ASA 4. No patient was classified as ASA 1.
Surgery cancellations in 74 patients (83.1%) were due to
patient-related factors. A total of 30 patients (33.7%) had
their surgeries canceled due to uncontrolled hypertension.
All these patients had a history of antihypertensive medi-
cation use, and only 4 (13.3%) were found to be noncompli-
ant with their treatment. Intraoperative abnormal electro-
cardiographic changes led to the cancellation of surgeries
in 11 patients (12.4%). Of these, 1 patient (9.1%) had a
newly diagnosed bundle branch block, 3 patients (27.3%)
atrial fibrillation, 4 (36.3%) had frequent ventricular ex-
trasystoles, and 3 (27.3%) showed ST-segment changes.
Infectious causes were responsible for the cancellation of
surgeries in 20 patients (22.4%). Among these, 9 patients
had upper respiratory tract infections, 4 had lower res-
piratory tract infections, 5 had oral herpetic infections,
and 2 had urinary tract infections. One patient (1.1%)
had blood glucose levels above 400 mg/dL, which led to
the cancellation of the surgery. Additionally, 7 patients
(7.9%) had their surgeries canceled due to smoking on the
day of surgery, and 5 patients (5.6%) due to issues with
adherence to anticoagulant therapy protocols (Table 1).
Fifteen (16.9%) procedures were cancelled due to hospital-
related reasons. In one patient (1.1%), surgery was can-
celed due to failure of surgical equipment during final pre-
operative testing. Surgeries of 7 patients (7.9%) were can-
celed due to over-booking, and the operating theatre time
was exceed . Surgical procedures for three patients (3.4%)
were canceled intraoperatively due to the unavailability
of intensive care unit beds. Similarly, four procedures
(4.5%) were canceled due to inadequate blood preparation,
attributed to coordination deficits with the blood bank.
While 87.64% of the cancellations were considered avoid-
able, 80 patients (89.9%) were successfully rescheduled for
surgery at our hospital.

Discussion
The incidence of BPH in individuals over 50 years of age
is approximately 30% and the incidence increases with the
age of the individuals. BPH frequently causes lower uri-
nary tract symptoms [3]. It affects more than 70% of men
over the age of 70. The socioeconomic burden of BPH is
substantial, casuing a burden of over 3 billion dollars an-
nually on the healthcare system .As the life expectancy of
the individuals is rising the incidence of BPH is increas-
ing [10]. In our country by the year 2040, the total el-
derly population is estimated to increase from 8% today
to 16.3% . This indicates that healthcare professionals will
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Table 1. Reasons for cancellation of surgery.

Variables Reasons for Cancelation of surgery Percentage of canceled cases

Patient-related causes

Stage 3 or 4 hypertension 30 (33.7%)
Electrocardiographic changes 11 (12.4%)
Upper respiratory tract infections 9 (10.1%)
Oral herpetic infections 5 (5.6%)
Lower respiratory tract infections 4 (4.5%)
Urinary tract infections 2 (2.2%)
Smoking 7 (7.9%)
On anticoagulant medications 5 (5.6%)
High blood sugar levels 1 (1.1%)

Hospital-related causes

Over-booking 7 (7.9%)
Lack of blood 4 (4.5%)
Lack of intensive care unit beds 3 (3.4%)
Lack of equipment 1 (1.1%)

face BPH more frequently [4]. For this reason, preopera-
tive anesthesia preparation and prevention of cancellation
of the procedure in the operating room are of increasing
importance in patients with BPH.

Cancellation of elective procedures have a very negative
impact on operating room efficiency and impose a signif-
icant economic burden on the healthcare system. Addi-
tionally, this situation decreases patient satisfaction and
lowers staff morale [11]. Perroca et al. [12] stated that
the average cost of surgery cancellations per patient was
reported to be $ 29.54 In another study, Dexter et al. [13]
reported that each minute of delay in the operating room
at Stanford University Medical Center cost the finance de-
partment approximately $8.13. Moreover, surgery cancel-
lations cause a backlog of patient appointments. Addition-
ally, the psychological impact on both the patients and the
surgical team is another negative aspect of cancellation of
surgeries.

Leslie et al. [8] showed that in15,444 elective surgeries,
reported that the urology department had the highest
cancellation rate at 9.53% . In another study, Chiu et
al. [14] evaluated the cancellations of elective surgeries
and reported that the urology clinic ranked second among
all surgeries with a cancellation rate of 13%. Argo et al
showed that the urology department had a 14% cancella-
tion rate, ranking in the top three [11]. Similarly, Özcan
et al reported that urological surgery cancellations were
the third most common among all surgery cancellations
[9]. A multidisciplinary approach and preoperative eval-
uation have reduced elective surgery cancellations [9,12].
Previous studies have reported that approximately 60% of
elective surgery cancellations are due to potentially avoid-
able factors [12]. In a clinical study analyzing surgery can-
cellations in an orthopedic clinic, it was observed a 42.9%
reduction in cancellation rates following improvements in
healthcare services [15]. Hori et al. [7] reported that the
rate of surgery cancellations in the operating room was
below 0.01%, that was attributed to patients undergoing
medical examination and evaluation by an anesthesiologist
the day before surgery. Surgery cancellations in the oper-
ating room are particularly critical due to the emotional
stress it causes for patients and the unnecessary loss of

time and resources for the healthcare system [9].

Surgery cancellation causes vary depending on the demo-
graphic characteristics of the patient population and the
surgical procedure [7,9]. In the pediatric age group, the
most common cause is upper respiratory tract infections,
while in the elderly population, metabolic and cardiac rea-
sons are more prevalent [9,16]. Perroca et al. [12] more
than half of the surgery cancellations were attributed to
patient-related factors . Similarly, Chang et al. [16] re-
ported that the most important cause of surgery cancel-
lations was patient-related medical problems, accounting
in 59% of the cases. In our study, %83.1 of cancellations
were due to the medical conditions of the patients. Specif-
ically, cardiac problems, which were associated with the
advanced age of the patients scheduled for surgery, were
frequent causes of cancellation. Similarly, Özcan et al.
showed that more than half of the surgery cancellations
were directly related to the cardiovascular system [9].

One common cause of surgery cancellations is insufficient
operational capacity. Yoon et al. [17] evaluayed 2,494 pa-
tients and showed that more than 20% of the surgeries
were canceled, with nearly one-third of the cancellations
attributed to insufficient operational capacity. Similarly,
in the study by Pollard et al. [18], the surgery cancella-
tion rate was reported to be 13%, and nearly one-fifth of
the cancellations were due to insufficient operating room
hours . In our study, over-booking was observed in only
7 patients (7.9%), which we attribute to the fact that our
university hospital has more spacious operating room con-
ditions. In the study by Shah et al. [19], it was reported
that 10.3% of surgery cancellations were due to surgeon
unavailability. In the study by Lopez et al [20], it was
documented that 5% of surgery cancellations were related
to the surgical team . In our study, this rate was 1.1%.
We believe that this is related to the fact that we work
with a large urology team in a faculty hospital. In another
study, 2.42% of surgery cancellations were attributed to
the insufficiency of the intensive care unit [12]. In a sim-
ilar study, Livingstone et al. [21] reported that 2.5% of
surgery cancellations were due to bed shortages . In our
study, surgery cancellations due to unexpected intensive
care unit needs related to the patient’s clinical condition
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occurred in only 3 patients (3.4%) on the operating table.
Apart from that, there were no surgery cancellations due
to bed shortages in the urology department.
Infectious pathologies are a significant cause of surgical
cancellations. Studies report varying rates: 7% in a na-
tional study of adults [9], 12.8% due to upper respiratory
tract infections (URTIs) [22], and 18% overall, primarily
from respiratory infections [23]. In our study, 22.4% of
cancellations were attributed to infections, with respira-
tory infections being the most common.

Limitations
The small patient volume and the retrospective nature of
the analysis are the main limitations of our research. Our
study needs to be developed prospectively involving higher
patient numbers.

Conclusion
Intraoperative surgical cancellations significantly impact
the healthcare system. The resulting emotional distress
for patients, families, and surgical teams, coupled with
prolonged surgical schedules and inefficient resource uti-
lization, are critical consequences. In our study, 5.1% of
elective benign prostatic hyperplasia (BPH) surgeries were
canceled intraoperatively. Notably, a significant propor-
tion of these cancellations were due to preventable causes.
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Abstract

Aim: Severe community-acquired pneumonia (SCAP) is a leading cause of sepsis, septic
shock, and mortality. Various prognostic scoring systems are used for evaluation, but
their use and availability may be complex. Our objective was to evaluate the prognostic
significance of LAI, which is easy and inexpensive to perform, and the importance of its
combination with PSI score in predicting the mortality of patients with SCAP.
Materials and Methods: This is a retrospective, single-center, cross-sectional study.
The patients aged ≥18 with SCAP in tertiary intensive care units were analyzed. Data
from patient files and the hospital database include demographic data, PSI score, SOFA,
GCS, APACHE II, laboratory parameters, and clinical variables. Cut-off values were used
to assess the predictive accuracy of each predictor, measured by the area under the ROC
curve (AUC) with a 95% confidence interval (CI). Additionally, we developed combined
models for PSI+LAI utilizing various logistic regression analyses. Factors associated with
mortality were analyzed using multivariate logistic regression analysis.
Results: The cut-off value of 110 for PSI was a good predictor with 97.8% sensitivity and
98.7% specificity. The cut-off value of 3379 for LAI was observed to be a good predictor
of mortality with 92.5% sensitivity and 90.7% specificity. The AUC value for PSI was
0.987 and the AUC value for LAI was 0.933. The AUC value obtained when PSI and LAI
values were evaluated together was 0.997. In multivariate analysis, high PSI score, low
pulse rate, and LAI value constitute a risk for mortality.
Conclusion: Although PSI or LAI have a high predictive accuracy, their combined use
may improve this accuracy and allow for more reliable management of SCAP patients.
The PSI score offers a comprehensive assessment. This, combined with the faster and
easier application of LAI, provides great advantages to clinicians.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Severe Community-Acquired Pneumonia (SCAP) can be
lethal by progressing to sepsis, septic shock, and then mor-
tality [1]. Mortality remains high despite rapid diagnostic
tests, advanced vaccination strategies, and all modern ap-
proaches and treatments [2]. Mortality rates reach 30%
in the intensive care units (ICU) [3]. Streptococcus pneu-
moniae, gram-negative bacteria, and Methicillin-Resistant
Staphylococcus Aureus are the pathogens causing SCAP
[4,5].
Patients who do not respond to standard oxygen and fluid
therapy and require mechanical ventilation (MV) or va-
sopressor support are considered to have SCAP [6]. Se-
vere CAP is diagnosed with clinical findings, radiological

∗Corresponding author:
Email address: galtuntas06@hotmail.com ( Gulsum Altuntas)

imaging, and laboratory tests. Pneumonia severity index
(PSI), CURB-65, and A-DROP Score are used to predict
prognosis [7]. However, their use and availability are com-
plex. The utility of various biochemical tests to predict
the prognosis and optimize the treatment plan in this pa-
tient group is gradually gaining importance. These tests
are crucial for identifying high-risk patients, ensuring ap-
propriate and timely treatment, and ultimately reducing
morbidity and mortality.
Until now, many biomolecules have been studied to pre-
dict the prognosis of SCAP. For example, procalcitonin is
associated with morbidity and mortality in bacterial pneu-
monia [8]. In combination with the clinical parameters,
procalcitonin is also used to guide altering the antibiotic
treatment for SCAP. However, biomarkers including C-
reactive protein (CRP), copeptin, adrenomedullin, and D-
Dimer have been used, but their advantage over one an-
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other has not been confirmed [9]. A complete blood count
is a cheap and simple test that is easy to perform. To
date, ratios of various parameters in complete blood count
have been studied in the course of pneumonia as in many
other diseases [10,11]. An elevated neutrophil count and
lymphopenia are frequently observed in bacterial pneumo-
nia [12]. In addition, lymphopenia was shown to increase
the mortality rate in SCAP [13]. However, serum albumin
is a negative acute-phase reactant that decreases with in-
creasing severity of inflammation. It also provides insight
into the patient’s nutritional status. Studies have shown
that low albumin value is related to increased mortality
in patients with SCAP as well as in various inflammatory
diseases [14].
A negative correlation between the severity of inflamma-
tion and both lymphocyte count and albumin concentra-
tion has been observed [15]. The Lymphocyte Albumin
Index (LAI), calculated by multiplying lymphocyte count
by albumin concentration, was initially identified as a re-
liable prognostic marker in stage II/III rectal cancer [16].
This research focuses on evaluating the prognostic role of
LAI, which is an easily applicable and low-cost parame-
ter, and the importance of its combination with PSI score
predicting mortality of patients with SCAP.

Materials and Methods
Study design and patients
This research is a single-center, retrospective cross-
sectional study. The patients aged ≥18 years with SCAP
hospitalized in tertiary intensive care units between Jan-
uary 2018 and October 2024 were retrospectively analyzed.
Ethical approval was granted with the date and number
27.12.2024-29971. Our study was conducted according to
the Helsinki Declarations and Standards for Reporting Di-
agnostic Accuracy Studies (STARD) guidelines. Informed
consent was not obtained due to the study’s retrospective
design.

Exclusion criteria
Exclusion criteria included age under 18 years, ICU stay
less than 48 hours with COVID-19 pneumonia, hemato-
logical disorders, extrapulmonary infections, infections oc-
curring ≥48 hours post-hospitalization or intubation (in-
cluding referred patients), and incomplete data.

Data collection
Demographic data, PSI score, Glasgow Coma Score
(GCS), Sequential Organ Failure Assessment Score
(SOFA), Acute Physiology and Chronic Health Evaluation
II (APACHE II) scores, laboratory parameters (CRP, Pro-
calcitonin, Albumin, Platelet, Neutrophil, Lymphocyte,
pH, pCO2, pO2, Lactate) in the first 24 hours of intensive
care admission, were recorded from the hospital database.
Clinical variables (pulse rate, respiratory rate, systolic
and diastolic blood pressure, intubation/mechanical ven-
tilation, vasopressor requirement, and mortality) were re-
trieved from the electronic database of the hospital. Co-
morbidities were recorded from patient files according to
the Charlson Comorbidity Index.
LA index was calculated as lymphocyte count (103/µL) x
serum albumin (g/dL) level.

Diagnosis of severe community-acquired pneumonia

The 2007 guidelines from the Infectious Diseases Society of
America and the American Thoracic Society (IDSA/ATS)
state that diagnosing severe community-acquired pneumo-
nia and determining the need for ICU admission of the pa-
tient requires either one major criterion or at least three
minor criteria.

Minor criteria

- Respiratory rate ≥30/min. - PaO2/FIO2 ≤250 - Multilo-
bar infiltration - Confusion/disorientation - Uremia (BUN
≥20 mg/dL) - Leukopenia (Leukocyte <4.000/µl) - Hy-
pothermia (<36 Cº) - Hypotension requiring intensive
fluid administration.

Major criteria

- Respiratory failure necessitating invasive mechanical ven-
tilation - Sepsis that requires vasopressor support.
The diagnosis of SCAP was made by an experienced in-
tensive care specialist working in our intensive care unit.

PSI score

The Pneumonia Severity Index (PSI) score is a comprehen-
sive assessment tool that incorporates demographic data,
comorbidities, clinical findings, laboratory results, and ra-
diological imaging. In our study, the PSI score was cal-
culated and documented in line with the literature by an
experienced specialist in the intensive care unit on the first
day of admission. This data was sourced from the hospital
database. Patients without physical examination findings,
accompanying diseases, or laboratory results are classified
as class I; those scoring ≤70 points are class II; 71-90 points
are class III; 91-130 points are class IV; and scores >130
points are class V [17]. In this study, classes I-III were
deemed low risk, while classes IV-V were regarded as high
risk.

Endpoints

Primary endpoint: the significance of the LAI in predicting
30-day mortality. Secondary endpoints: a comparison of
the importance of LAI, PSI, and LAI+PSI measurements
in predicting mortality.

Statistical analysis
The sample size was calculated using the G*Power 3.1.9.2
software for logistic regression analysis. In this calculation,
the odds ratio (OR) value was determined as 2.87, the
significance level (α) as 0.05, and power (1 - β) as 0.95. As
a result of the analysis, the minimum number of subjects
that needed to be included in the study was determined
as 86.
Statistical analyses were performed using Statistical soft-
ware Package for Social Sciences version 22 (SPSSv22, Ar-
monk, NY: IBM Corp.). The Kolmogorov-Smirnov test
was used to evaluate the normal distribution of contin-
uous variables. Categorical variables are expressed as
frequencies (n) and percentages (%), whereas continuous
data are reported as mean ± standard deviation (Mean ±
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Figure 1. Flow-chart for the process of patient selection.

SD) or median with interquartile range (IQR) (25th-75th

percentiles). Differences in categorical variables between
groups were evaluated using Pearson’s Chi-square test. T
and the Mann-Whitney U-test were utilized for compar-
isons of variables between two independent groups.
Receiver operating characteristic (ROC) curve analysis
was conducted to assess mortality, with specific cut-off val-
ues determined for each predictive continuous parameter.
The area under the ROC curve (AUC) and the correspond-
ing 95% confidence interval (CI) were used to determine
the predictive performance of each variable. Additionally,
logistic regression models integrating PSI and LAI were
developed to enhance prediction accuracy.
Mortality risk factors were identified using multivariate lo-
gistic regression. This process began with univariate logis-
tic regression to screen for potential associations between
risk factors and mortality. Variables exhibiting a p-value
<0.05 in the univariate analysis were included in a prelim-
inary multivariate model, which was refined through back-
ward stepwise selection. Spearman’s correlation analysis

was also employed to examine inter-variable relationships,
with statistical significance defined as p<0.05.

Results
In this study, a total of 725 patients were admitted to our
tertiary intensive care units between January 2018 and Oc-
tober 2024 due to SCAP. Of the patients, 38 were excluded
due to lack of data, five due to hematological disease, 417
due to COVID-19 pneumonia diagnosis, and 56 due to the
development of pneumonia 48 hours after hospitalization
(patients referred from other centers) (Figure 1). A total
of 209 patients were included. Eighty-five (40.7%) were
female, with an average age of 69.0 ± 16.8 years.

Comparison of mortality of patients

Hundred and thirty-four (64.1%) patients died due to
SCAP. Charlson (p<0.001), APACHE II (p<0.001), SOFA
(p<0.001), and PSI (p<0.001) scores of the deceased
patients were significantly higher, and the GCS score
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Table 1. Comparison of all parameters in patients with and without mortality.

Deceased Survived

n % n %

Gender
Female 54 40.3 31 41.3
Male 80 59.7 44 58.7

PSI Group
Low Group 2 1.5 69 92.0
High Group 132 98.5 6 8.0

Vasopressor
Needed 75 56.0 10 13.3
Not needed 59 44.0 65 86.7

Mechanical Ventilation
Needed 96 71.6 24 32.0
Not needed 38 28.4 51 68.0

Age (years) Median (IQR) 72.0 (62.0-81.0) 71.0 (53.0-83.0)
Charlson Index Median (IQR) 5.5 (3.0-8.0) 4.0 (3.0-6.0)
GCS Median (IQR) 8.0 (5.0-12.0) 11.0 (8.0-14.0)
APACHE II Median (IQR) 27.0 (21.0-32.0) 18.0 (14.0-24.0)
SOFA Median (IQR) 11.0 (8.0-13.0) 7.0 (4.0-9.0)
PSI Score Median (IQR) 200.0 (170.0-220.0) 70.0 (60.0-80.0)
Pulse rate (Beats/minute) Median (IQR) 123.5 (103.0-140.0) 107.0 (95.0-120.0)
Systolic Pressure (mmHg) Median (IQR) 89.5 (72.0-114.0) 120.0 (103.0-141.0)
Diastolic Pressure (mmHg) Median (IQR) 52.0 (42.0-64.0) 68.0 (58.0-81.0)
Respiratory Rate (Breaths/minute) Median (IQR) 36.0 (31-41) 32.0 (29-39) 0.002**
Platelet (103/µL) Median (IQR) 204 (115-294) 242 (194-317) 0.047**
Neutrophil (103/µL) Median (IQR) 10.93 (6.52-16.68) 11.07 (6.73-16.77) 0.944**
Lymphocyte (103/µL) Median (IQR) 0.74 (0.48-0.88) 1.5 (1.25-1.76) <0.001**
Albumin (g/dL) Median (IQR) 2.8 (2.5-3.1) 3.5 (3.1-3.9) <0.001**
C-Reactive Protein (mg/L) Median (IQR) 131 (65-186) 106 (38-166) 0.044**
Procalcitonin (mg/mL) Median (IQR) 2.1 (.6-7.6) 1. (.4-4.2) 0.040**
pH Median (IQR) 7.28 (7.2-7.38) 7.34 (7.29-7.42) <0.001**
PCO2 (mmHg) Median (IQR) 48.6 (33.5-64) 44.5 (32.6-55) 0.059**
PaO2 (mmHg) Median (IQR) 52.2 (42-67) 56.2 (48-68.4) 0.087**
Lactate (mmoL/L) Median (IQR) 3.6 (2.2-5.6) 2.6 (1.6-4.2) <0.001**
LAI Median (IQR) 1928 (1323-2484) 5270 (4257-6435) <0.001**

*Square analysis, **Mann Whitney U test was applied. PSI: pneumonia severity index; GCS: Glasgow Coma Score; APACHE II: Acute
Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment Score; LAI: Lymphocyte-Albumin Index.

Table 2. Area under the curve, sensitivity, and specificity of the optimal cut-off value of various predictors for mortality.

AUC (95% CI) p Cut-off value Sensitivity (95% CI) Specificity (95% CI)

APACHE 0.766 (0.702-0.821) <0.001 >24 64.9 (56.2-73.0) 78.7 (67.7-87.3)
SOFA 0.789 (0.727-0.842) <0.001 >9 61.9 (53.2-70.2) 81.3 (70.7-89.4)
PSI 0.987 (0.961-0.998) <0.001 >110 97.8 (93.6-99.5) 98.7 (92.8-100.0)
LA 0.933 (0.891-0.963) <0.001 ≤3379 92.5 (86.7-96.4) 90.7 (81.7-96.2)
PSI+LA 0.997 (0.976-1.000) <0.001 - 97.8 (93.6-99.5) 98.7 (92.8-100.0)

AUC: Area Under Curve; APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment Score;
LAI: Lymphocyte-Albumin Index; PSI: Pneumonia Severity Index.

Table 3. Logistic regression analysis regarding the risk factors of mortality.

B p OR %95 CI

PSI Score 0.125 0.001 1.133 1.052-1.219
Pulse Rate (Beats/minute) -0.060 0.047 0.942 0.887-0.999
LAI -0.001 0.006 0.999 0.998-0.999

LAI: Lymphocyte-Albumin Index; PSI: pneumonia severity index.

(p<0.001) was significantly lower. The rate of high PSI
scores in the patients with mortality (98.5%) was sig-

nificantly higher than the rate in the patients who were
alive (p<0.001). The need for vasopressors (p<0.001)
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Table 4. Correlation analyses of the scores.

PSI Score LAI Charlson APACHE II SOFA

LAI
r -0.696
p <0.001

Charlson
r 0.256 -0.158
p <0.001 0.022

APACHE II
r 0.555 -0.379 0.292
p <0.001 <0.001 <0.001

SOFA
r 0.556 -0.362 0.292 0.842
p <0.001 <0.001 <0.001 <0.001

Age (Years)
r 0.181 -0.160 0.061 0.148 0.070
p 0.009 0.021 0.384 0.032 0.314

Pulse Rate (Beats/minute)
r 0.309 -0.171 0.090 0.398 0.350
p <0.001 -0.014 0.194 <0.001 <0.001

Systolic Pressure (mmHg)
r -0.426 0.300 -0.129 -0.545 -0.463
p <0.001 <0.001 0.063 <0.001 <0.001

Diastoilic Pressure (mmHg)
r -0.442 0.297 -0.151 -0.522 -0.478
p <0.001 <0.001 0.029 <0.001 <0.001

Respiratory Rate (Breaths/minute)
r 0.253 -0.083 0.006 0.301 0.243
p <0.001 0.231 0.932 <0.001 <0.001

Albumin (g/dL)
r -0.624 0.662 -0.168 -0.398 -0.395
p <0.001 <0.001 0.015 <0.001 <0.001

C-Reactive Protein (mg/L)
r 0.138 -0.192 0.012 -0.002 -0.008
p 0.047 0.005 0.863 0.973 0.903

Procalcitonin (mg/mL)
r 0.200 -0.197 0.093 0.156 0.145
p 0.004 0.004 0.180 0.024 0.037

APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment Score; LAI: Lymphocyte-
Albumin Index; PSI: Pneumonia Severity Index.

and MV (p<0.001) were significantly higher in the de-
ceased than in the non-deceased. Pulse rate (p<0.001),

Figure 2. ROC curve analysis of various parameters for mortality

respiratory rate (p=0.002), CRP (p=0.044), procalcitonin
(p=0.040) and lactate (p<0.001) values of those who died
were significantly higher than those who did not die; sys-
tolic blood pressure (p<0.001), diastolic blood pressure
(p<0.001), PLT (p=0.047), lymphocyte (p<0.001), albu-
min (p<0.001), pH (p<0.001) and LAI (p<0.001) values
were significantly lower (Table 1).

Receiver Operating Characteristic (ROC) curves
and cut-off points

ROC analysis investigated the predictive ability of various
parameters for mortality in SCAP patients, and cut-off
values were determined. For APACHE II (cut-off ≥24),
sensitivity and specificity were 64.9% and 78.7%, respec-
tively, indicating good predictive ability. SOFA (cut-off
≥9) also showed good predictive ability with 61.9% sen-
sitivity and 81.3% specificity. PSI (cut-off ≥110) demon-
strated excellent predictive power with 97.8% sensitivity
and 98.7% specificity. Similarly, LAI (cut-off ≥3379) was
a good predictor of mortality, exhibiting 92.5% sensitivity
and 90.7% specificity. The AUC values were 0.987 for PSI,
0.933 for LAI, and 0.997 when PSI and LAI were combined
(Table 2, Figure 2).
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Logistic regression analysis
The logistic regression analysis was performed to evaluate
factors that contributed to mortality. Multivariate analy-

sis identified high PSI score, low pulse rate, and
LAI value as factors associated with increased mortal-
ity risk (Table 3).

Correlation analysis of various parameters
PSI score showed significant positive correlations with
APACHE II, SOFA, age, pulse and respiratory rates, CRP,
and procalcitonin, and negative correlations with LAI,
blood pressure, and albumin. LAI was positively cor-
related with blood pressure and albumin but negatively
with APACHE II, SOFA, age, pulse rate, CRP, and pro-
calcitonin. A positive correlation was observed between
APACHE II scores and SOFA scores, age, pulse rate,
respiratory rate, and procalcitonin levels. Conversely,
APACHE II scores exhibited a negative correlation with
systolic blood pressure, diastolic blood pressure, and albu-
min levels. SOFA was positively correlated with pulse and
respiratory rates and procalcitonin and negatively with
systolic and diastolic blood pressures and albumin (Ta-
ble 4).

Discussion
Severe community-acquired pneumonia is a critical infec-
tion that often necessitates hospitalization and intensive
care support. Early prognosis determination and early
management are of lifesaving importance in these patients.
This study investigated the importance of both individual
and combined use of PSI and LAI in determining patient
mortality in the ICU due to SCAP. Our findings suggest
that both are highly important in predicting the mortality
of SCAP patients and provide a higher success rate when
combined.
The PSI score is a comprehensive scoring system includ-
ing age, comorbidities, vital signs, and laboratory values.
Therefore, it provides a broad perspective in assessing the
overall condition of patients. Koçak et al. [18] reported
that high PSI was associated with low treatment response,
prolonged hospital and ICU stay, prolonged treatment du-
ration, and increased mortality rate. In our ROC analy-
sis, we found that a PSI score >110 had a high specificity
(98.7%) and sensitivity (97.8%) for predicting mortality
in SCAP patients (AUC: 0.987). In particular, the mod-
erate and advanced age groups and comorbidities of the
patients may have increased the sensitivity and specificity
of the PSI score. However, since the PSI score requires a
complex calculation, it may be difficult to use this score in
intensive care units due to the high workload of healthcare
professionals.
In contrast, the LAI is based on two simple laboratory
parameters: lymphocyte count and serum albumin lev-
els. Studies have indicated that lymphopenia is linked to
a worse prognosis in infections. Fernandez et al. [19] re-
ported that a lymphocyte count <724/mm3 increased the
mortality risk 1.93-fold in patients with SCAP. Albumin
levels can serve as an indicator of inflammation severity.
Research has shown that serum albumin levels can predict

the prognosis of SCAP patients admitted to ICUs [20].
LAI, which is formulated as the product of lymphocyte
count and albumin level, is a biomarker that is easier to
use in clinical practice to evaluate the severity of inflamma-
tory response. In our study, LAI showed 92.5% sensitivity
and 90.7% specificity in predicting mortality with a cut-
off value of 3379. These findings reflect previous studies
evaluating the prognostic value of LAI, which has been
previously reported in different diseases [16, 21-23].
Woo Kim et al. [24] combined procalcitonin or CRP with
PSI and IDSA/ATS guidelines in their modeling and ob-
served an increase in the AUC value of adding CRP to PSI
and IDAS/ATS in predicting mortality. The primary high-
light of our study is that the combination of PSI score and
LAI has a significant advantage in predicting mortality.
The AUC value of 0.997 was obtained in the ROC anal-
ysis. This shows that these two parameters can predict
mortality with high accuracy when combined. The PSI
score covers a wider range of clinical parameters, whereas
the LAI reflects inflammatory status and immune response
in a simple but effective way. This situation shows the
complementary features of PSI and LAI.
Especially in ICUs, rapid and accurate prognostic evalua-
tion may reduce mortality by providing efficient treatment
strategies. Although PSI or LAI alone have a high predic-
tive accuracy, their combined use may improve this ac-
curacy and allow for more reliable management of SCAP
patients. The ability of the PSI score to provide a com-
prehensive assessment, combined with the faster and easier
application of the LAI, provides great advantages to clin-
icians.
The mortality rate was 64.1% in SCAP patients included
in our study. This rate is high compared to the literature,
and we think that this is due to the high Charlson Co-
morbidity Index, APACHE II, SOFA, and PSI scores of
the patients. We observed that inflammatory parameters
such as procalcitonin and CRP were higher in deceased
patients, whereas parameters such as lymphocytes and al-
bumin were significantly lower. The need for vasopressors
and mechanical ventilation was also significantly higher in
these patients. These findings indicate the rapid impair-
ment of organ function in SCAP patients and emphasize
the necessity of invasive treatment modalities. We believe
that the combination of the LAI and PSI scores may guide
the physicians in optimizing the timing of such critical in-
terventions.
Our correlation analysis revealed positive correlations be-
tween the PSI score and the Charlson Comorbidity Index,
APACHE II, SOFA, age, pulse rate, respiratory rate, CRP,
and procalcitonin. This suggests that higher PSI scores are
associated with increased disease severity, aligning with
these factors. Conversely, LAI showed negative correla-
tions with the Charlson Comorbidity Index, APACHE II,
SOFA, age, pulse rate, CRP, and procalcitonin, but a pos-
itive correlation with blood pressure. This pattern indi-
cates that this combination of LAI and blood pressure is
associated with a poorer prognosis.

Limitations
A notable limitation of this study is that it is retrospec-
tive, being conducted at a single center, and limited to
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a low sample size, which limits the generalizability of the
results. Another limitation is that the data consisted of
the initial hospitalization of the patients in intensive care
units. Dynamic measurements will provide more reliable
data. Our other limitation is that subgroup analysis of mi-
croorganisms causing pneumonia was not analyzed. The
use of these two scoring systems in different pneumonia
subtypes should also be investigated.

Conclusion
This study showed that combining LAI and PSI scores
serves as an effective tool for predicting the prognosis of
SCAP patients. This combination has the potential to pre-
dict mortality early, especially in resource-limited centers
or intensive care units with heavy workloads. In intensive
care practice, it can both reduce mortality rates by im-
proving clinical decision-making and allow more effective
and timely management interventions.

Disclosures
Ethics Committee Approval: Ethical approval was
obtained for this study from the Fırat University Non-
Interventional Clinical Research Ethics Committee (Document
date and number: 27.12.2024-29971).
Informed Consent: Not necessary for this manuscript.
Peer-review: Externally peer-reviewed.
Conflict of Interest: Not necessary for this manuscript.
Financial Disclosure: No funders.

References
1. Torres A, Cillóniz C, Blasi F et al. Burden of pneu-

mococcal community-acquired pneumonia in adults across
Europe: A literature review. Respir Med. 2018;137:6-13.
doi: 10.1016/j.rmed.2018.02.007. Epub 2018 Feb 19. PMID:
29605214.

2. Cillóniz C, Liapikou A, Martin-Loeches I et al. Twenty-
year trend in mortality among hospitalized patients with
pneumococcal community-acquired pneumonia. PLoS One.
2018;13(7):e0200504. doi: 10.1371/journal.pone.0200504. PMID:
30020995.

3. Walden AP, Clarke GM, McKechnie S et al. Patients with
community-acquired pneumonia admitted to European intensive
care units: an epidemiological survey of the GenOSept cohort.
Critical Care. 2014;18(2):58–8. doi.org/10.1186/cc13812.

4. Said MA, Johnson HL, Deloria-Knoll M, O´Brien KL. Estimat-
ing the Burden of Pneumococcal Pneumonia among Adults: A
Systematic Review and Meta-Analysis of Diagnostic Techniques.
PLoS ONE. 2013; 8:4. doi.org/10.1371/journal.pone.0060273.

5. Prina E, Ranzani OT, Polverino E et al. Risk factors associated
with potentially antibiotic-resistant pathogens in community-
acquired pneumonia. Ann Am Thorac Soc. 2015;12(2):153-60.
doi: 10.1513/AnnalsATS.201407-305OC. PMID: 25521229.

6. Torres A, Chalmers JD, Dela Cruz CS et al. Challenges in se-
vere community-acquired pneumonia: a point-of-view review.
Intensive Care Med. 2019;45(2):159-171. doi: 10.1007/s00134-
019-05519-y. Epub 2019 Jan 31. PMID: 30706119; PMCID:
PMC7094947.

7. Ahn JH, Choi EY. Expanded A-DROP Score: A New
Scoring System for the Prediction of Mortality in Hospi-
talized Patients with Community-acquired Pneumonia. Sci
Rep. 2018;8(1):14588. doi: 10.1038/s41598-018-32750-2. PMID:
30275523; PMCID: PMC6167349.

8. Boussekey N, Leroy O, Georges H et al. Diagnostic and prog-
nostic values of admission procalcitonin levels in community-
acquired pneumonia in an intensive care unit. Infection.
2005;33(4):257-63. doi.org/10.1007/s15010-005-4096-2.

9. Seligman R, Ramos-Lima LF, Oliveira Vdo A et al. Biomarkers
in community-acquired pneumonia: a state-of-the-art review.
Clinics (Sao Paulo). 2012;67(11):1321-5. doi: 10.6061/clin-
ics/2012(11)17. PMID: 23184211; PMCID: PMC3488993.

10. Colak A, Aksit MZ, Toprak B, Yılmaz N. Diagnostic values
of neutrophil/lymphocyte ratio, platelet/lymphocyte ratio and
procalcitonin in early diagnosis of bacteremia. Turkish Journal
of Biochemistry. 2019;45(1):57-64. doi: 10.1515/tjb-2018-0484.

11. İmre O. Evaluation of Mean Platelet Volüme, Platelet Dis-
tribution Width, And Red Cell Distribution Width İn
Bipolar Disorder. Van Med J. 2023;30(2): 184-192. doi:
10.5505/vtd.2023.14227.

12. Bermejo-Martín JF, Tamayo E, Ruiz G et al. EXPRESS (Ex-
presión Génica en Sepsis) and GRECIA (Grupo de Estudios y
Análisis en Cuidados Intensivos) groups. Circulating neutrophil
counts and mortality in septic shock. Critical Care. 2014;18:1-
407. doi: 10.1186/cc13728.

13. Marrie TJ, Lieling WU. Factors influencing in-hospital mortal-
ity in community-acquired pneumonia: a prospective study of
patients not initially admitted to the ICU. Chest. 2005;127.4:
1260-1270. doi: 10.1378/chest.127.4.1260.

14. Miyazaki H, Nagata N, Akagi T et al. Comprehensive analysis
of prognostic factors in hospitalized patients with pneumonia
occurring outside hospital: Serum albumin is not less important
than pneumonia severity assessment scale. J Infect Chemother.
2018;24(8):602-609. doi: 10.1016/j.jiac.2018.03.006. Epub 2018
Apr 5. PMID: 29628384.

15. Ettinger DS, Wood DE, Aisner DL et al Non-Small Cell Lung
Cancer, Version 3.2022, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw. 2022;20(5):497-530. doi:
10.6004/jnccn.2022.0025. PMID: 35545176.

16. Yamamoto T, Kawada K, Hida K et al. Combination of lym-
phocyte count and albumin concentration as a new prognos-
tic biomarker for rectal cancer. Sci Rep. 2021;11(1):5027. doi:
10.1038/s41598-021-84475-4.

17. Zaki HA, Hamdi Alkahlout B, Shaban E et al. The Battle of the
Pneumonia Predictors: A Comprehensive Meta-Analysis Com-
paring the Pneumonia Severity Index (PSI) and the CURB-65
Score in Predicting Mortality and the Need for ICU Support.
Cureus. 2023;15(7):e42672. doi: 10.7759/cureus.42672. PMID:
37649936; PMCID: PMC10462911.

18. Koçak ND, Uçar MS. Comparison of the Effect of Pneumonia
Type and Severity on Follow-up Parameters Using the Pneumo-
nia Severity Index in Inpatients. Klimik J. 2013; 26(2):58-63.
doi: 10.5152/kd.2013.19.

19. Bermejo-Martin JF, Cilloniz C, Mendez R et al. NEU-
MONAC Group. Lymphopenic Community Acquired Pneumo-
nia (L-CAP), an Immunological Phenotype Associated with
Higher Risk of Mortality. EBioMedicine. 2017;24:231–236. doi:
10.1016/j.ebiom.2017.09.023.

20. Magnussen B, Oren Gradel K, Gorm Jensen T et al. As-
sociation between Hypoalbuminaemia and Mortality in Pa-
tients with Community-Acquired Bacteraemia Is Primarily Re-
lated to Acute Disorders. PLoS One. 2016;11(9):e0160466.
doi: 10.1371/journal.pone.0160466. PMID: 27611431; PMCID:
PMC5017704.

21. Yildirim S, Dogan A, Akdag G et al. Novel Prognostic Indicator
for Immunotherapy Response: Lymphocyte-to-Albumin (LA)
Ratio Predicts Survival in Metastatic NSCLC Patients. Can-
cers (Basel). 2024;16(14):2512. doi: 10.3390/cancers16142512.
PMID: 39061152; PMCID: PMC11274503.

22. Wang MD, Duan FF, Hua X et al. A Novel Albumin-Related Nu-
trition Biomarker Predicts Breast Cancer Prognosis in Neoad-
juvant Chemotherapy: A Two-Center Cohort Study. Nutrients.
2023;15(19):4292. doi: 10.3390/nu15194292.

23. Heppner B, Untch M, Denkert C et al. Tumor-Infiltrating
Lymphocytes: A Predictive and Prognostic Biomarker in
Neoadjuvant-Treated HER2-Positive Breast Cancer. Clin. Can-
cer Res. 2016;22(23):5747–5754. doi: 10.1158/1078-0432.CCR-
15-2338.

24. Kim MW, Lim JY, Oh SH. Mortality prediction using serum
biomarkers and various clinical risk scales in community-
acquired pneumonia. Scand J Clin Lab Invest. 2017;77(7):486-
492. doi: 10.1080/00365513.2017.1344298. Epub 2017 Jul 5.
PMID: 28678546.

156



Original Article Ann Med Res 2025;32(4):157–162

Current issue list available at AnnMedRes

Annals of Medical Research
journal page: www.annalsmedres.org

Effects of pre-eclampsia on corneal tomography and specular
microscopy parameters: A prospective study

Ayna Sariyeva Ismayilova,∗, Neslihan Parmak Yenera, Hafize Gokben Ulutasb, Burcu Dincgezc

aUniversity of Health Sciences, Bursa Yüksek İhtisas Training and Research Hospital, Department of Ophthalmology, Bursa, Türkiye
bUniversity of Health Sciences, Bursa City Hospital, Department of Ophthalmology, Bursa, Türkiye
cUniversity of Health Sciences, Bursa Yuksek Ihtisas Research and Training Hospital, Department of Obstetrics and Gynecology,
Bursa, Türkiye

ARTICLE INFO

Keywords:
Corneal tomography
Intraocular pressure
Preeclampsia
Pregnancy
Specular microscopy

Received: Dec 23, 2024
Accepted: Mar 24, 2025
Available Online: 25.04.2025

DOI:
10.5455/annalsmedres.2024.12.275

Abstract

Aim: To evaluate the effect of preeclampsia on corneal tomography and specular mi-
croscopy parameters.
Materials and Methods: A total of 22 preeclamptic women were evaluated prospec-
tively. Patients were evaluated at prepartum and postpartum third months. Best-
corrected visual acuity (BCVA), intraocular pressure (IOP), slit lamp, optical coherence
tomography, corneal tomography, and specular microscopy were recorded and compared.
Results: Prepartum BCVA was 0.065±0.638 logMAR, and postpartum BCVA was
0.050±0.823 logMAR, which was significantly different (p=0.033). The mean spherical
equivalent was -0.68±1.27 diopter at prepartum and 0.00±1.41 diopter at postpartum
period (p<0.001). While prepartum IOP was 16.90±2.92 mmHg, post-partum IOP was
15.40±3.17 mmHg (p=0.041). No significant changes were detected between the prepar-
tum and postpartum period in terms of flat keratometry, steep keratometry, average
keratometry, max keratometry, topographic astigmatism, and mean corneal endothelial
cell density (ECD). The mean ACV (p=0.012), ACD (p=0.035), and ACA (p=0.032),
the mean coefficient variation (CV) (p=0.030) were significantly lower at postpartum
period (p=0.032). The percentage of hexagonal cells (HEX) increased (p=0.008) at
postpartum period. The mean CCT was 572.81±66.79µm in the prepartum period and
553.90±51.51µm in the postpartum period (p=0.039).
Conclusion: This study indicates that preeclampsia affects corneal cell morphology in-
cluding CV and HEX, and significant changes in BCVA, IOP, and CCT postpartum.
Depending on the change in IOP, it may suggest that the ocular hypotensive effect of
pregnancy may have been eliminated by preeclampsia. However, no significant differences
were found in corneal topography parameters. Further long-term studies with larger pa-
tient cohorts are needed to determine whether these effects are persistent and clinically
significant.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Pregnancy, which is a significant challenge for the woman
body, is associated with various physiological and patho-
logical changes. One of the most critical pathologies that
can occur during pregnancy is the hypertensive disor-
ders. Hypertensive disorders of pregnancy, affecting nearly
10% of pregnancies, remain the leading cause of perina-
tal morbidity and fatality worldwide. It can be divided
into groups such as chronic hypertension, gestational hy-
pertension, preeclampsia, and superimposed preeclamp-
sia. Preeclampsia complicates 3-5% of pregnancies [1].

∗Corresponding author:
Email address: myusufova@cu.edu.tr ( Ayna Sariyeva

Ismayilov)

Preeclampsia is defined as a new onset of hypertension
after 20 weeks of gestation accompanied by proteinuria or
maternal end-organ disorders in the absence of protein-
uria [2]. Eclampsia is characterized by the coexistence of
preeclampsia and seizures [3]. Preeclampsia and eclamp-
sia have not only perinatal adverse outcomes but also they
are related to future life complications.
Preeclampsia has been claimed to be a multisystemic
disorder characterized by blood vessel construction,
metabolic disease, endothelial disorder, onset of the coag-
ulation cascade, and activated inflammatory response [4].
It is known that 25% of preeclamptic patients have visual
impairment. In severe preeclampsia and eclampsia, there
is an increased risk of hypertensive, hemorrhagic, and em-
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bolic strokes, presenting with visual symptoms [5]. The
most well-known retinal changes in preeclampsia are ab-
normal retinal vascularity, such as arterio-venous crossing
changes, focal vascular narrowing, and generalized atten-
uation of arterioles. In severe preeclampsia, serous retinal
detachment and choroidal infarcts may develop secondary
to hypertensive retinopathy [6].
Changes in sex hormones that occur during normal preg-
nancy affect both the anterior segment and fundus. Pre-
vious studies have shown that there are receptors for es-
trogen, progesterone, and androgen in the nuclei of hu-
man corneal epithelial, stromal, and endothelial cells [7-
9]. Due to possible fluid retention, corneal thickness and
corneal curvature have been reported to increase during
pregnancy [10-11]. A recent study has shown higher ante-
rior flat and steep keratometry, central corneal thickness
(CCT), corneal volume, anterior chamber depth, angle,
and volume, and lower IOP during pregnancy than three
months postpartum period [12]. In contrast , another
study has reported no statistically significant differences
between corneal topographic and biomechanical parame-
ters before pregnancy, during pregnancy, and postpartum.
This study showed that prenatal ocular changes returned
to fundamental characteristics after the postpartum pe-
riod [13].
The physiology and hormonal status of preeclampsia preg-
nant women are quite different from normal pregnants. In
preeclampsia, the body’s ability to respond to vasoactive
agents is initially lost, leading to a reduction in vasocon-
striction. This results in a increase in intravascular vol-
ume, which then shifts to the extravascular compartments.
Furthermore, there is a disruption in the balance between
proangiogenic and antiangiogenic factors. Soluble vascu-
lar endothelial growth factor (VEGF) and soluble endoglin
are two key proangiogenic factors involved in preeclamp-
sia. Additionally, nitric oxide signaling, which is crucial
for vascular relaxation, is impaired in this condition [14-
15]. We thought that ocular physiology might be affected
by existing hormonal changes in preeclampsia, which is a
different process from normal pregnancy.
Although anterior segment parameters in pregnant women
have been frequently examined in the literature, the ef-
fects of preeclampsia have not been investigated. This
study prospectively analyzed the impact of preeclampsia
on corneal tomography and specular microscopy parame-
ters.

Materials and Methods
This is a prospective, non-interventional and observational
study performed at a university-affiliated hospital. The
primary endpoint of the study was the change in anterior
segment parameters in preeclamptic women after postpar-
tum period. The present study was approved by Bursa
Yüksek İhtisas Training and Research Hospital Ethics
Committee (Protocol number: 2011-KAEK-25 2022/06-
18). The study adhered to the principles of the Declara-
tion of Helsinki, and informed consent was obtained from
the patients.
A total of 31 patients diagnosed with preeclampsia be-
tween July 2022 and July 2023 and hospitalized in the

Obstetrics and Gynecology Clinic of Bursa Yuksek Ihti-
sas Training and Research Hospital were admitted to the
study. G*Power software was used for sample size and
power analysis. Convenience sampling, a non-probability
sampling method, was used in this study. Participants
were selected based on their availability and willingness
to participate. Preeclampsia was diagnosed in pregnant
women with new-onset hypertension (systolic blood pres-
sure (BP) ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm
Hg (twice evaluation at least four hours interval)) after 20
weeks of gestation along with the presence of proteinuria,
as defined by one of the following: ≥300 mg protein in a 24-
hour urine, protein/creatinine ratio ≥ 0.3 mg/dL, dipstick
protein ≥ +2. In the absence of proteinuria, new onset
hypertension accompanied by one of the following criteria:
thrombocytopenia (platelet count less than 100 000/uL),
elevated serum transaminases (twice the upper level of nor-
mal), creatinine >1.1 mg/dl, pulmonary edema and/or vi-
sual symptoms. If a new-onset tonic-clonic seizure was
added to preeclampsia, it was diagnosed as eclampsia [2].
Patients were consulted with the Ophthalmology Clinic
at prepartum period and postpartum 3 months. Patients
with contact lens use, glaucoma, a history of ocular surgery
and trauma, atopy, corneal ectasia, spherical refractive er-
rors of more than 4.00 diopter (D), cylindrical refractive
errors of more than 2.00 D, two patients with serous retinal
detachment due to preeclampsia having systemic disease
such as hypertension, diabetes mellitus, and thyroid dis-
ease and patients who do not have regular follow-up were
excluded from the study. Finally, a total of 22 patients (44
eyes) were included in the study.
A detailed history and routine ophthalmologic examina-
tion were done. Best-corrected visual acuity (BCVA)
(Snellen converted to logMAR), intraocular pressure
(IOP), slit lamp, dilated fundoscopy, and optical coher-
ence tomography (OCT) (RTVue XR AVANTI, Optovue,
Inc., Fremont, CA, USA) were evaluated. The combined
Scheimpflug–Placido disc corneal topography system (Sir-
ius, CSO, Florence, Italy) performed the corneal tomogra-
phy parameters. K1 (flat keratometry), K2 (steep ker-
atometry), Kavg (average keratometry), maximum ker-
atometry (Kmax), anterior chamber volume (ACV), an-
terior chamber depth (ACD), anterior chamber angle
(ACA) were taken. Corneal endothelial cell density (ECD)
(cells/ mm²), polymegathism, hexagonality, and CCT
were evaluated automatically using a noncontact specu-
lar microscopy (NSP-9900, NonconRobo, Konan, Japan)
analyzing at least 100 cells (Figure 1). Evaluations were
taken from the central cornea in a suitable head position
while the patient sat. Three images were taken, and the
best image was recorded for analysis. All measurements
were taken during the daytime to prevent diurnal variation
(02:00-04.00 PM).

Statistical analysis
Statistical analyses were performed using the SPSS soft-
ware version 22 (IBM Corp., Armonk, NY, USA). The
distribution of variables was tested by using the Shapiro-
Wilk test. Continuous, normally distributed data were
presented as mean ± standard deviation, while categori-
cal variables were presented as numbers and percentages.
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Since the constant data shows normal distribution, the
paired sample t-test was performed to compare prepartum
and postpartum values. A p-value of <0.05 was considered
statistically significant.

Results
The mean age of the patients was 32.22±6.56 (21-42)
years. The gestational week was ranged between 20 and
39 weeks. A total of 6 patients (27.2%) were primigravi-
das, 13 patients (59%) were multigravidas, and 3 patients
(13.6%) were grand multiparas. Two patients (9%) were
diagnosed with eclampsia while 18 patients (81%8) had
mild and 2 patients (9%) had severe preeclampsia.
At the time of ophthalmological examination, mean sys-
tolic BP was 149.54±23.39 (120-200), and mean diastolic
BP was 88.40±17.68 (60-120) mm Hg. When the symp-
toms were searched, headache was present in 9 (40.9%)
patients, abdominal pain in 2 (9.1%) patients, blurred vi-
sion in 8 (36.3%) patients, scotoma in 1 (4.5%) patient,
diplopia in 1 (4.5%) patient, transient sudden vision loss
in 1 (4.5%) patient and subconjunctival hemorrhage in 2

Figure 1. Specular microscopy of a 32-year-old pregnant woman with
preeclampsia during the prepartum and postpartum periods.

Figure 2. Changes in specular microscopy parameters in the postpartum
period.

Table 1. Comparison of corneal tomography parameters in prepartum and
postpartum periods.

Prepartum Postpartum

Average±SD Average±SD p value
(range) (range)

Flat keratometry
(K1) (D)

43.17±1.77 43.00±1.85
0.618

(40.00-46.50) (40.0-46.25)

Steep keratometry
(K2) (D)

44.39±1.92 44.14±1.93
0.075

(41.50-47.50) (41.50-47.50)

Average keratometry
(Kavg) (D)

44.16±1.45 44.06±1.63
0.534

(40.25-47.0) (40.25-47.0)

Maximum
keratometry (Kmax)

46.46±2.28 45.93±1.62
0.457

(44.25-47.75) (44.00-47.75)

Topographic
astigmatism (D)

0.98±2.06 0.94±0.71
0.381

(-2.0-0) (-2.0-0)

Anterior Chamber
Volume (mm3)

175.45±35.9 164.98±12.4
0.012*

(115-252) (121-198)

Anterior Chamber
Depth (mm)

3.224±0.765 2.876±0.355
0.035*

(2.999-3.987) (2.675-3.654)

Anterior Chamber
Angle (º)

42.65±7.91 41.87±5.67
0.032*

(29-45) (28-45)

D: Diopter. Paired sample t-test, * p<0.05.

Table 2. Analysis of Endothelial Cell Characteristics in prepartum and post-
partum periods.

Prepartum Postpartum

Average±SD Average±SD p value
(range) (range)

ECD (cells/mm2)
2755.47±251.05 2883.42±620.90

0.125
(2128-3096) (2519-3268)

Polymegathism
(CV) (%)

44.57±7.52 41.52±6.61
0.030*

(40-59) (29-56)

Pleomorphism
(HEX) (%)

42.80±5.43 46.10±5.98
0.008*

(39-50) (33-55)

CCT (µm)
572.81±66.79 553.90±51.51

0.039*
(408-770) (400-612)

ECD: endothelial cell density, CV: coefficient variation of cell area,
HEX: percentage of hexagonal cells, CCT: Central corneal thickness,
paired sample t-test, * p<0.05.

(9.1%) patients. There was a constriction of retinal arteri-
ole in 6 eyes (13.6%), flame-shaped hemorrhage in 3 (6.8%)
eyes, optic disc edema in 2 (4.5%) eyes, cotton-wool spots
in 3 (6.8%) eyes, hard exudates in 1 (2.27%) eye.
Prepartum BCVA was 0.065±0.638 (0-0.698) logMAR,
and postpartum BCVA was 0.050±0.823 (0-0.154) log-
MAR, which was statistically significant (p=0.033). While
prepartum IOP was 16.90±2.92 (10-26) mmHg, post-
partum IOP was 15.40±3.17 (10-21) (p=0.041). The mean
spherical equivalent was -0.68±1.27 (-3.0-2.0) diopter in
the prepartum period and 0.00±1.41 (-2.0-3.0) diopter in
the postpartum period (p<0.001). Changes in K1, K2,
Kavg, Kmax, and topographic astigmatism were not sta-
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tistically significant at postpartum period. The mean
ACV (p=0.012), ACD (p=0.035), and ACA (p=0.032) de-
creased statistically significantly at the postpartum third
month (Table 1).
The mean ECD values were not statistically significant
(p=0.125) between the prepartum and postpartum peri-
ods, while the mean CV values decreased (p=0.030) and
the mean HEX values increased (p=0.008) significantly af-
ter delivery. The mean CCT was 572.81±66.79 µm at the
prepartum period and 553.90±51.51 µm at the postpartum
period (p=0.039) (Table 2 and Figure 2).

Discussion
Preeclampsia is a multisystem disease secondary to gener-
alized vasoconstriction and endothelial injury. The clin-
ical spectrum of preeclampsia includes hemolysis, low
platelets, proteinuria, elevated liver enzymes, and HELLP
syndrome [16]. It is well known that preeclampsia causes
loss of vision due to changes in the neurological system
and retina. The present study evaluated the effects of
preeclampsia on the anterior segment. Blurred vision was
detected in 36.3% of the preeclamptic patients, and retinal
changes due to hypertensive retinopathy were diagnosed in
34%. Postpartum visual acuity increase was found to be
statistically significant.
In a study searching IOP in pregnant women, IOP was
found to be lower in pregnant women as compared to non-
pregnant women [11]. In a study by Atas et al., lower IOP
were reported during pregnancy than that the 3-month
postpartum period. Moreover, this study claimed higher
ACD, ACA, and ACV values during pregnancy as com-
pared to the postpartum period [12]. Similarly, a study
searching 25 healthy pregnant women in the second and
third trimesters found a significant decline in the IOP
and a reciprocal rise in CCT [10]. Since all values re-
turned to the 1st-trimester values at three months post-
partum. In the present study, unlike uncomplicated preg-
nancies, prepartum IOP was higher in preeclamptic preg-
nancies. The IOPs of the patients decreased significantly
by 8.8% after delivery. In addition, it was observed that
the ACD, ACA, and ACV measured during pregnancy
were greater than in the postpartum period. Although
the cause of the reduction in IOP during pregnancy is
not fully understood, higher estrogen, progesterone, re-
laxin, and β-human chorionic gonadotropin levels leading
to increased outflow of aqueous humor through the uncon-
ventional track are claimed to be the primary mechanism
[12,17]. Another possible factor is decreased systemic vas-
cular resistance and episcleral venous pressure. In paral-
lel with this hypothesis, increased systemic vascular resis-
tance in preeclampsia may increase episcleral venous pres-
sure and cause an increase in IOP. Additionally, lower cir-
culating estrogen and progesterone levels in women with
preeclampsia may affect the outflow of aqueous humor [18].
Different results exist regarding ACV, ACA, and ACD
measurements during pregnancy. Goldich et al. found no
difference in ACV, ACD, and ACA measurements between
pregnant women in the last trimester and nonpregnant
women [11]. Erkan Pota’s [19] and Atas’s [12] studies re-
ported a significant rise in ACV in the last two trimesters
and a reduction in the postpartum period. The present

study observed that ACV, ACA, and ACD measurements
decreased statistically significantly after delivery.
In this study, we found a hyperopic shift in refractive er-
rors in women with preeclampsia in the postpartum pe-
riod. The change to hypermetropia may be due to a slight
decrease in corneal curvatures. Although lens thickness
was not measured in this study, it is known that the lens
swells during pregnancy and is a catharogenic process [20].
The hyperopic shift may occur since this situation disap-
pears in the postpartum period. This agrees with Erkan
Pota’s study [19], which reported that myopia rising to
the 3rd trimester and reducting in the postpartum period.
Pizzarello et al. [20] reported a tendency to myopia during
pregnancy. However, another study showed that refractive
measurements were similar in the 3rd trimester and post-
partum period [12].
Some studies have reported that estrogen, progesterone,
and androgen receptors exist in human corneal epithe-
lial, stromal, and endothelial cell nuclei [7-9]. Hormonal
changes during pregnancy can cause corneal curvature
steepening and increased CCT [10,21,22]. Consistent with
the literature, we found higher CCT values in pregnant
women with preeclampsia at prepartum period. A study
reported a significant decrease in K2, while no statistical
changes were present in K1 and Kmean at the postpar-
tum period [19]. In some studies [10,17], no significant
alterations in keratometry parameters were observed due
to pregnancy. The present study demonstrated that flat
keratometry, steep keratometry, and average and maxi-
mum keratometry values did not significantly change in
the postpartum period as compared to the prepartum pe-
riod.
The most essential function of the corneal endothelium is
to supply corneal transparency. It ensures the balance be-
tween the flow of aqueous humor into the stroma and the
pumping of aqueous humor into the anterior chamber. The
age-related decrease in ECD is compensated by increased
Na, K-ATPase activity, which is the basis of endothelial
pump function [23]. Corneal endothelial self-renewal is
very limited, and the healthy indicators are higher ECD
and HEX and lower polymegatism (CV) [24]. In this study,
the mean ECD value changes were not statistically signif-
icant, but the mean CV and CCT values decreased, and
the mean HEX values increased significantly at postpar-
tum period. It is unclear why the transient high CV and
low HEX values were measured in pregnant women with
preeclampsia. We speculate that this may be due to gen-
eral inflammation in the preeclampsia. In preeclampsia,
placental oxidative stress appears because there is insuf-
ficient blood flow to the placenta. This results in the ex-
cess release of soluble fms-like tyrosine kinase-1 (sFlt-1),
the soluble receptor for vascular endothelial growth fac-
tor (VEGF), into the maternal circulation, triggering an
inflammatory response and endothelial dysfunction [25].
Monocyte and granulocyte activity and proinflammatory
cytokines TNF-alpha, IL-6, and soluble phospholipase A2
increase in circulation [26,27]. It is known that anterior
chamber inflammation results in alterations to the shape
and size of the cells and a decrease in ECD [28]. Lower
ECDs are associated with higher levels of specific cy-
tokines, including IL-1α, IL-4, IL-13, MIP-1β, TNF-α, and

160



Sariyeva Ismayilov A. et al. Original Article 2025;32(4):157–162

E-selectin [29]. Systemic inflammation during preeclamp-
sia may have caused increased levels of cytokines in the
aqueous humor and morphologically affected endothelial
cells or endothelial cells may have been exposed to hy-
poxia during this inflammatory process. Although a study
reported that the ophthalmic microenvironment continues
immune concession by manipulating local innate and adap-
tive immunity far from inflammatory responses [30], it has
also been shown that severe systemic hypertension in ani-
mals increases NADPH oxidase activity and reactive oxy-
gen radicals in the cornea [31].
The present study has some limitations. The number of
participants was small, there was the absence of a normal
pregnant group, a single eye examination was performed
before and after delivery, not measuring axial length and
lens thickness, the patients’ systemic BP was not recorded
at the postpartum period, and the correlation between
blood pressure and ocular measurements could not have
been determined. The majority of the patient group were
mild preeclampsia cases. Patients with retinal changes,
except for serous retinal detachment due to preeclampsia,
were included.

Conclusion
In conclusion, this study indicates that preeclampsia af-
fects corneal cell morphology including CV and HEX, and
significant changes in BCVA, IOP, and CCT postpartum.
The ocular hypotensive effects of pregnancy may be elimi-
nated by preeclampsia due to the increase in systemic vas-
cular pressure, which can affect episcleral venous pressure.
Alternatively, unlike in normal pregnancies, in preeclamp-
sia the reduced levels of estrogen and progesterone may
impair aqueous outflow. In addition, no significant dif-
ferences were found in corneal topography parameters.
Further long-term studies with larger patient cohorts are
needed to determine whether these effects are persistent
and clinically significant.
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Abstract

Aim: Henle’s trunk is a crucial venous structure involved in the drainage of veins originat-
ing from the stomach, colon, and the pancreas. Variations in the formation of the trunk
exist and it can have significant clinical implications, particularly in procedures involving
lymphadenectomy and vessel ligation around this location. In this study, we aimed to
demonstrate variations in the venous architecture of the Henle’s trunk with the use of CT
images.
Materials and Methods: In this retrospective study, 287 patients who had 3D CT
imaging for different purposes in a single institution between January 2018 and June
2022 were evaluated. Patients were grouped into two groups as gastrocolic trunk and
gastropancreaticocolic trunk based on the presence of a pancreatic branch contributing
to the formation of Henle’s trunk. Variations in these two groups were retrospectively
evaluated.
Results: Variations of the Henle’s trunk are classified as bipod, tripod, or tetrapod. In
our series (n=287), the most common subclassification of the gastrocolic trunk was a bipod
which included right gastroepiploic vein and right colic vein (n=36, 12.5%). The most
common subclassification of the gastropancreaticocolic trunk was a tripod which included
right gastroepiploic vein, right colic vein, and anterior superior pancreaticoduodenal vein
(n=80, 60.6%).
Conclusion: A thorough examination of the right colon vascular anatomy requires an
understanding of venous variations of the Henle’s trunk. These variations highlight the
importance of individualized assessments for patients, especially those undergoing right
hemicolectomy and gastrectomy. This knowledge will aid in reducing surgical complica-
tions and improving oncologic outcomes.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
The venous vascular structure of the right colon is intricate
and frequently differs from that of the left side. Regard-
ing oncologic surgery, this complex variation in the vascu-
lar structure makes lymph node dissection quite difficult
around this anatomical location [1]. Furthermore, severe
bleeding may arise during surgery from rupture of the del-
icate tributaries of the superior mesenteric vein (SMV),
particularly the branches of the Henle’s trunk, due to im-
proper traction during surgery [1].
Henle originally introduced the idea of the gastrocolic ve-
nous trunk in 1868 [2]. This venous trunk, also known as
the gastrocolic trunk, consists of venous supply from the

∗Corresponding author:
Email address: eerginoz@ku.edu.tr ( Ergin Erginoz)

stomach (right gastroepiploic vein) and the colon (mid-
dle colic vein, right colic vein, or the superior right colic
vein). Various studies have also included a pancreatic
branch (anterior superior pancreaticoduodenal vein) enter-
ing the trunk and renamed the trunk as gastropancreatic-
ocolic trunk [1,3,4]. This new definition made the Henle’s
trunk form by three veins.

Henle’s trunk becomes clinically important during com-
plete mesocolic excision (CME) in right-sided colon
surgery. Hohenberger was the first to introduce the con-
cept of CME with central vascular ligation [5]. According
to this concept, performing CME with central vascular lig-
ation removes the most centrally draining nodes that may
contain metastases [1,5]. It is, therefore, essential to un-
derstand the normal pattern as well as the variations of ve-
nous structures to minimize complications during surgery
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as well as to perform proper lymphadenectomy.
The purpose of this study is to present variations of the ve-
nous anatomy of the gastropancreaticocolic trunk of Henle
in patients using 3D computerized tomography (CT) imag-
ing.

Materials and Methods
This retrospective study included 287 patients who un-
derwent 3D CT imaging for various indications in a single
institution between January 2018 and June 2022. Patients
with a history of bowel perforation, abdominal radiation
history, colon cancer (and colon surgery), and inadequate
evaluation of the CT images were excluded from the study
since the vascular anatomy may be altered (i.e., neovascu-
larization) or resected in the presence of a surgical history.
The vascular structures forming the Henle’s trunk such as
the right gastroepiploic vein (RGEV), middle colic vein
(MCV), accessory middle colic vein (aMCV), right colic
vein (RCV), superior right colic vein (sRCV), and anterior
superior pancreaticoduodenal vein (ASPDV) were evalu-
ated using dynamic abdominal CT images using our local
PACS archive system. In our study, we have used the sub-
classification of Henle’s trunk discussed by Gao et al. and
categorized it into two groups based on the involvement of
the pancreatic branch [3].
Type I only included the gastric and colic branches. In
type Ia, RGEV and RCV formed the trunk while in type
Ib, RGEV and SRCV formed the trunk. In type Ic, RGEV,
RCV, and SRCV formed a tripod and the common trunk
drained into the superior mesenteric vein. In type Id,
RGEV and MCV together drained into the trunk while an
accessory middle colic vein was present in type Ie, forming
a tripod.
The type II included gastric, colic, and pancreatic
branches. In type IIa, RGEV, RCV, and ASPDV formed
the trunk while in type IIb, RGEV, SRCV, and ASPDV
formed the trunk. In type IIc, a superior right colic vein
was present besides the right colic vein, forming a tetra-
pod venous structure draining into the trunk. In type IId,
RGEV, MCV, and ASPDV formed a tripod while in type
IIe, RGEV, MCV, aMCV, and ASPDV formed the trunk.
The variations observed in our study are shown in Figure
1.
The venous tributaries that formed the Henle’s trunk were
analyzed using the portal venous phase. The computerized
tomography images were evaluated in three different or-
thogonal views and sometimes a 3D structure was created
for clarity.
Each patient was examined by a dual-course CT scanner
in triphasic imaging, including hepatic arterial, portal ve-
nous, and hepatic venous phases. Two dual-source CT
scanners were used: SOMATOM Definition AS (Siemens
Healthcare, Forchheim, Germany) and Revolution CT
(GE Healthcare, Milwaukee, Wisconsin). The scanning
parameters were as follows: 120–140 kV tube voltage with
min 140 mA–max 400 mA using automatic tube current
modulation, pitch 1, matrix 512×512, slice thickness of
5 mm with 1.25 reconstruction. For 3D reconstruction,
the volume rendering techniques was used by Siemens
syngo.via software and the GE AW server. Also various,

post-processing software (SAFIRE, ASiR-V) were auto-
matically used for dose modulation.
The study was performed in accordance with the ethics
guidelines of the Helsinki Declaration and was ap-
proved by the local ethics committee (Istanbul University-
Cerrahpaşa Clinical Research Ethics Committee, approval
number: E–83045809–604.01–1118237).

Results
Among the patients involved in the study (n=287), 154
were male (53.6%) and 133 were female (46.4%). The av-
erage age of the individuals was 51.17 ± 12 (age range
21–76). Among the gastrocolic trunk (n=81, type I), the
most common type was type Ia with 36 patients (12.5%)
(Table 1). This subtype included the right gastroepiploic
vein forming a trunk with the right colic vein (Figure 2).
The occurrence was followed by type Ib with 22 patients
(7.7%), type Id with 17 patients (5.9%), type Ic with 4
patients (1.4%), and type Ie with 2 patients (0.7%). As
observed in type Ie, an additional middle colic vein was
referred to as the accessory middle colic vein.
Among the gastropancreaticocolic trunk (n=174, type II),
the most commonly observed subtype was type IIa with
80 patients (27.9%) (Table 2). This subtype included the
right gastroepiploic vein forming a tripod with the right
colic vein and anterior superior pancreaticoduodenal vein
(Figure 3). This was followed by type IIb with 36 patients
(12.5%), type IId with 33 patients (11.5%), type IIc with
23 patients (8%), and type IIe with 2 patients (0.7%).
Similar to type Ie, an additional middle colic vein was

Table 1. Gastrocolic subclassification of theHenle trunk based on the venous
tributaries from the right colon.

Type of Henle trunk Venous drainage Frequency, n (%)

I 81 (28.2)
Ia RGEV + RCV 36 (12.5)
Ib RGEV + SRCV 22 (7.7)
Ic RGEV + RCV + SRCV 4 (1.4)
Id RGEV + MCV 17 (5.9)
Ie RGEV + MCV + aMCV 2 (0.7)

RGEV: right gastroepiploic vein; RCV: right colic vein; SRCV:
superior right colic vein; MCV: middle colic vein; aMCV: accessory
middle colic vein.

Table 2. Gastropancreaticocolic subclassification of the Henle trunk based
on the venous tributaries from the right colon.

Type of Venous Frequency
Henle trunk drainage n (%)

II 174 (60.6)
IIa RGEV + ASPDV + RCV 80 (27.9)
IIb RGEV + ASPDV + SRCV 36 (12.5)
IIc RGEV + ASPDV + RCV + SRCV 23 (8.0)
IId RGEV + ASPDV + MCV 33 (11.5)
IIe RGEV + ASPDV + MCV + aMCV 2 (0.7)

RGEV: right gastroepiploic vein; RCV: right colic vein; SRCV:
superior right colic vein; MCV: middle colic vein; ASPDV: anterior
superior pancreaticoduodenal vein; aMCV: accessory middle colic
vein.
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Figure 1. The venous tributaries that lead to the formation of gastrocolic
(type 1) and gastropancreaticocolic (type 2) trunks.

Figure 2. The RGEV and RCV forming the most commonly observed gas-
trocolic trunk of Henle.

referred to as the accessory middle colic vein in type IIe.
We did not observe three middle colic veins in any of our
patients included in the study.
In 32 patients (11.1%), there were no colic tributaries and
the trunk was only formed between gastric and pancre-
atic branches. Since the gastropancreaticocolic trunk and
the formerly known gastrocolic trunk always included a
colic branch, this group did not include a colic branch and
because of this reason they were referred to as the unclas-
sifiable group. Among this group, the RGEV and ASPDV
formed a common trunk before draining into the superior
mesenteric vein.

Discussion
Following the principles of total mesorectal excision in rec-
tal cancer, complete mesocolic excision was introduced by
Hohenberger et al. in 1992 which revolutionized colon can-
cer surgery and patient oncologic outcomes [5–7]. CME in-
volves isolation of the visceral fascia, dissection of lymph

Figure 3. The RGEV, RCV, and ASPDV forming the most commonly ob-
served gastropancreaticocolic trunk of Henle.

nodes around the origin of the mesenteric arteries, and
central (high) ligation of the arteries [3,8,9]. Performing
complete mesocolic excision with central vascular ligation
and obtaining negative surgical resection margins by pre-
serving the embryological planes are the essential factors
that determine the oncologic outcome of the patient [1].
For this reason, understanding the normal anatomy and
the variations of the venous supply is important during
right colon cancer surgery. This study provides informa-
tion about the formation of the Henle trunk and presents
vascular variations among different individuals.
Although Henle first described the gastrocolic trunk in
1868, Descomps et al. observed an additional vein that
formed the gastrocolic trunk, namely ASPDV [10]. Ever
since, various cadaveric and radiological studies have been
published that presented their findings. Variations of the
Henle’s trunk in the literature are often classified as bi-
pod, tripod, or tetrapod. When defining vein tributaries,
when more than two right colic veins or middle colic veins
are present, the thicker vein is defined as the main vein
whereas the thinner vein is defined as the accessory vein
[3].
Cadaveric studies on the variations of Henle’s trunk have
yielded different results. In the majority of the studies,
Henle’s trunk was formed between RGEV, ASPDV, and
a colic vein (gastropancreaticocolic trunk). Kuzu et al.
have studied 111 cadavers with a 78.4% incidence of gas-
tropancreaticocolic trunk. This trunk was most commonly
formed between RGEV, ASPDV, and RCV (41.4%) [1].
This finding was similar to our results. Jin et al. dissected
9 cadavers with the most common observation (50%) of
RGEV, ASPDV, SRCV, and RCV forming the Henle’s
trunk [11]. On the other hand, Yamaguchi et al. stud-
ied 58 cadavers and observed RGEV, ASPDV, and aMCV
forming the Henle’s trunk most commonly (55%) [12]. In
their findings, the gastrocolic trunk was absent in 31%
of the cadavers. Ignjatovic et al. have dissected 34 ca-
davers and the most common tributaries of the Henle’s
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trunk (73.5%) were RGEV, SRCV, and ADPDV or ante-
rior inferior pancreaticoduodenal vein [13]. Stefura et al.
performed a meta-analysis on the prevalence of tributary
variations of Henle’s trunk [14]. Among the studies, they
found that the most common venous variation forming the
Henle’s trunk was RGEV, SRCV, and ASPDV (p<0.01)
[14].
Besides cadaveric studies, the prevalence of Henle’s trunk
was also studied with 3D CT images. Usually, these stud-
ies involved a larger number of patients simply due to
the simplicity of observing radiological images. Sakaguchi
et al. studied 102 patients where 79 had Henle’s trunk
(77.5%) [15]. The most common venous tributaries that
formed the Henle’s trunk were RGEV and SRCV (53.2%).
The least common was RGEV and RCV (1.3%). It was im-
portant, however, to note that ASPDV was not observed
in any of the cases. In another study, Ogino et al. observed
87.7% of Henle’s trunk in a total of 81 patients [16]. The
most commonly observed variation was RGEV, ASPDV,
and RCV, which was similar to our findings. The least
common variation was RGEV, ASPDV, and MCV. Our
study included an occurrence of Henle’s trunk in 88.8% of
the cases (n=287). RGEV and RCV was the most com-
mon type that formed the gastrocolic trunk of Henle while
RGEV, ASPDV, and RCV were the most common type
that formed the gastropancreaticocolic trunk of Henle.
The least commonly observed gastrocolic trunk subtype
was RGEV, MCV, and aMCV while the least commonly
observed gastropancreaticocolic trunk subtype was RGEV,
ASPDV, MCV, and Amcv in our series.
Henle’s trunk becomes important not only in colon surgery
but also in gastric surgery. The RGEV is present in almost
all types of variations of Henle’s trunk as mentioned in
previously. It is therefore essential to observe its course to
ligate the vessel and perform proper lymphadenectomy.
According to the Japanese Gastric Cancer Association,
the lymph nodes inferior to the pyloric region are num-
bered as the number 6 lymph node station [17]. Patients
with gastric cancer display metastasis to number 6 lymph
nodes at a rate between 3.95–34% [3,18–22]. Due to this
rate, it is necessary to remove the number 6 lymph nodes
during radical gastrectomy [23–25]. The RGEV displays
various drainage patterns under the head of the pancreas.
Therefore, understanding the anatomical confluence of the
RGEV is essential to perform proper oncologic dissection
of the number 6 lymph node [22].
Another important colic tributary that form the Henle’s
trunk is the middle colic vein. In our study, middle colic
vein were identified in all patients. Based on the data from
Tables 1 and 2, in only 18.8% of the patients the mid-
dle colic vein drained into the Henle’s trunk while 81.2%
drained into the SMV. Maki et al. studied the variations
of the middle colic vein in 3D CT angiography images [26].
According to their results, MCV was present in all patients
and the MCVs drained into the SMV in 62.5% of patients,
gastrocolic trunk in 29.3% of patients, inferior mesenteric
vein in 4.8% of patients, splenic vein in 2.7% of patients
and jejunal vein in 0.6% of patients [26].
One important limitation of this research is the radiologic
nature of the study. The gastrocolic trunk of Henle has
been renamed as gastropancreaticocolic trunk of Henle

simply due to the observation of the presence of ASPDV.
Many cadaveric studies mentioned earlier included this
thin, delicate venous structure as part of the dissection. In
radiologic 3D CT images, however, thin, small vessels such
as ASPDV or the accessory MCV may be easily missed if
the imaging modality is of bad quality. Small vessels may
be missed due to motion artifacts, limited spatial resolu-
tion, low contrast enhancement, or inadequate temporal
resolution. For this reason, patients with CT images that
did not have adequate quality for venous structure visual-
ization were excluded from the study.

The clinical importance of the Henle’s trunk became more
prominent with the introduction of complete mesocolic ex-
cision (CME) in colon surgery. In CME, the mesocolic
plane is protected and the supplying arteries are highly
ligated, which resulted in improved patient survival out-
comes and decreased local recurrence rates. During CME
of the right colon, the right colon must be freely mobi-
lized to perform adequate lymphadenectomy. Due to the
anatomical landmark of the Henle’s trunk, misrecognition
of the vessels can lead to uncontrollable bleeding during
surgery. Hohenberger referred to this point as the “bleed-
ing point” during right-sided CME surgery [5].

There also seems to be a lack of standardization in catego-
rizing Henle’s trunk. Because of this, we decided to group
Henle’s trunk into two categories based on the presence of
the pancreatic vein tributary. A consensus may be reached
in standardizing the subtypes of Henle’s trunk and further
research may be conducted to measure the quantitative
values (such as the length and diameter of vessels) and
the proximity of arterial and venous structures within the
mesocolon.

Conclusion

Understanding the venous variations of the Henle’s trunk
is crucial for a comprehensive review of the vascular
anatomy of the colon. The variability in its anatomy em-
phasizes the need for detailed knowledge during colectomy
and gastrectomy in order to minimize complications and
to achieve proper lymphadenectomy for better oncologic
outcomes.
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Abstract

Aim: To evaluate the outcomes of cases with epiphora due to punctal stenosis, in which
intubation was performed using a 22-gauge (G) intracath in combination with the two-snip
or three-snip technique.
Materials and Methods: The study included 45 eyes of 23 patients with punctal
stenosis who presented to our clinic with epiphora. The severity of punctal stenosis in all
cases was graded according to the Kashkouli classification; 32 eyes (71.1%) were graded
as grade 1, and 13 eyes (28.9%) as grade 2. Epiphora was confirmed using the fluorescein
disappearance test. Lacrimal system lavage was performed in all cases to evaluate the
distal lacrimal system, and distal passage patency was observed. Cases were considered
successful if they had a Munk score of 0 or 1 and a fluorescein disappearance test score of
0.
Results: The study included 10 male and 13 female patients, with a mean age of 62.09
± 12.41 years. The mean follow-up period was 6.3 ± 4.56 months. Preoperatively, all
cases had a Munk score of 4 and a fluorescein disappearance test score of 3. At the final
follow-up, no epiphora was observed in 36 eyes (80%), while intermittent epiphora with a
Munk score of 2 was reported in 9 eyes (20%). In four eyes with intermittent epiphora,
the lavage time exceeded 5 seconds, and in two eyes (one patient), ocular surface disorder
due to previous trauma was present. Revision surgery was required in five eyes due to
restenosis. Conjunctival reaction developed in six eyes (three patients).
Conclusion: Punctoplasty surgery is an effective option in cases with punctal stenosis.
The method we used is effective and cost-efficient in terms of punctal intubation, and it
may serve as an alternative to silicone tube intubation.

Copyright © 2025 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
A dysfunction occurring at any point in the lacrimal
drainage system clinically presents as epiphora. Punctal
stenosis is also a significant cause of epiphora, commonly
seen in elderly patients. Although the exact etiology is
not fully known, several factors are implicated [1]. These
include infections, inflammation, systemic diseases, medi-
cations, aging, tumors, and gender. The etiopathogenesis
is attributed to fibrosis caused by chronic inflammation
[2-6]. Kashkouli et al. classified punctal stenosis based
on the morphological findings of stenosis [7,8] (Table 1).
In the literature, this classification has no influence on
the described treatment approaches. These treatment ap-
proaches include dilation, one-snip punctoplasty, two-snip

∗Corresponding author:
Email address: d3rya1983@gmail.com ( Derya Doganay)

punctoplasty, three-snip punctoplasty, four-snip puncto-
plasty, Kelly punctal punch, mitomycin C application,
punctal plug placement, and silicone intubation [9,10].
The aim of this study is to describe a cost-effective and
clinically effective method using a 22-gauge intracath and
to present its results.

Materials and Methods
Patients who underwent surgery with 22-gauge intracath
intubation due to punctal stenosis after being referred
to our oculoplastic unit for complaints of epiphora be-
tween January 2020 and June 2024 were included in the
study. Approval was obtained from the Clinical Research
Ethics Committee of SBÜ Bursa Yuksek Ihtisas Training
and Research Hospital (approval date: 13/12/2023; pro-
tocol number: 2011-KAEK-25 2023/12-29). Data on pa-
tients’ demographic characteristics, symptoms, duration
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Table 1. Kashkouli classification.

Grade Clinical finding on slit lamp examination

0 No papilla and punctum (punctal atresia)
1 Papilla is covered by a membrane (exudative or true

membrane) or fibrosis and difficult to recognize
2 Less than normal size but recognizable
3 Normal
4 Small slit (<2 mm)
5 Large slit (≥2 mm)

of symptoms, previous clinical diagnoses, treatments, and
long-term outcomes were evaluated retrospectively. Dur-
ing the diagnostic process, a 2% fluorescein disappearance
test was performed on all patients, and distal lacrimal pas-
sage patency was examined. Our exclusion criteria in the
study were cases with distal lacrimal passage obstruction
detected by lavage examination and cases with epiphora
due to dry eye. The severity of punctal stenosis in all cases
was graded according to the Kashkouli classification.
Postoperative success was defined as a Munk score of 0 or
1 and a fluorescein disappearance test score of 0 (Table
2). All patients underwent either two-snip or three-snip
punctoplasty, followed by intubation using a 22-gauge in-
tracath. During intubation, fluid was passed through the
intracath to ensure that it remained within the canal with-
out creating an extra passage. The intracath was fixed to
the skin with 6/0 vicryl sutures, and intubation was main-
tained for 7 to 12 days, depending on patient tolerance
(Figure 1).

Table 2. Munk scoring.

Grade Clinical finding

0 No epiphora
1 Epiphora that requires wiping less than twice a day
2 Epiphora requiring 2 to 4 wipings per day
3 Epiphora requiring 5 to 10 wipings per day
4 Epiphora requiring more than ten wipings per day

Figure 1. Procedures applied in order from top left to right. Local applica-
tion of epinephrine-lidocaine HCL (jetocaine) to the surgical site, punctum
dilation, application of three-snip punctoplasty, placement of a 22 G intra-
venous catheter, and skin-intracatheter suturing with 6-0 vicryl sutures.

To assess the normality of the patient data, the Shapiro-
Wilk test was conducted, yielding a p-value of 0.3645. This
result indicates that the data conform to a normal distri-
bution. Therefore, continuous variables are summarized

as mean and standard deviation (mean ± SD), while cate-
gorical variables are presented as counts and percentages.

Results
The study included 45 eyes of 23 patients who underwent
surgery with 22-gauge intracath intubation due to punctal
stenosis. Ten (43.48%) of the patients were male, and 13
(56.52%) were female, with a mean age of 62.09 ± 12.42
years (range: 36-86). The mean follow-up period was 6.30
± 4.56 months (range: 1-13 months). Preoperatively, all
cases had a Munk score of 4 and a fluorescein disappear-
ance test score of 3. The degree of punctal stenosis in all
cases was classified according to the Kashkouli classifica-
tion. According to this classification, 32 eyes (71.1%) were
graded as grade 1, and 13 eyes (28.89%) were graded as
grade 2. At the final follow-up, no epiphora was observed
in 36 eyes (80%), while intermittent epiphora with a Munk
score of 2 was reported in 9 eyes (20%). In 4 eyes (9.3%)
with intermittent epiphora, the lavage time exceeded 5
seconds and was considered as partial distal lacrimal pas-
sage insufficiency. Two eyes (1 patient) had ocular surface
disorder due to previous trauma, and the persistence of
epiphora was associated with this ocular surface disorder.
Postoperatively, 5 eyes (11.63%) developed restenosis, re-
quiring revision surgery. After revision surgery, epiphora
was no longer observed. Six eyes (three patients) devel-
oped conjunctival reactions in the early postoperative pe-
riod. This was considered a surgical-related reaction, and
corticosteroid drops were applied at a dose of 4 times a
day for 4 weeks. No change was observed in the reaction,
and to benefit from its anti-inflammatory effect, the treat-
ment was switched to cyclosporine. After cyclosporine ap-
plication, a rapid clinical response was observed, and the
reaction regressed.

Discussion
Punctal stenosis has been found to occur equally in the
upper and lower puncta in some studies [11], while in a
study by Kashkouli et al., it was localized in the lower
punctum in 89.7% of cases [8]. In our study, stenosis was
also localized in the lower punctum in all cases.
Although there is no significant difference in punctal steno-
sis incidence between genders, several studies suggest that
it is more common in women, especially as age increases
[1,8,12]. Our findings are consistent with the literature.
Various methods have been described for the treatment
of punctal stenosis. These treatment methods generally
include dilation using a simple dilator, more invasive tech-
niques such as one-snip, two-snip, three-snip, and four-snip
punctoplasty, punctoplasty performed with a punch, and
various devices used to maintain the patency of the sur-
gically enlarged punctum. Devices such as punctal plugs,
mini-monoka stents, self-retaining bicanalicular intubation
sets, FCI Nunchaku silicone tubes, and Kaneka Lacrimal
silicone sets are used for this purpose.
According to Kashkouli, in cases of stage 2 punctal steno-
sis, repeated simple dilation methods may be tried. How-
ever, repeated dilations will stimulate fibrosis, and iatro-
genic stenosis will increase in the long term.
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Functional success rates of 92% have been reported with
the Reiss punctal punch method [13]. Later developments
of the Kelly punch are thought to allow more controlled
ampulla resection and cause less damage to the Riolan
muscle [14].

In the literature, snip punctoplasty (SP) techniques and
their modifications, ranging from one to four snips, have
been described. This technique is the oldest and most
frequently used method. In a study by Chak and Irvine,
they used the 3-SP technique and found a success rate of
89.8% [15]. In another study by Ali et al., they used the
3-SP method and reported a success rate of 74.7%. In
a group of 10.3%, anatomical success was achieved, but
epiphora persisted [16]. Kim et al. found a success rate
of 93.3% in their patient group using the 4-SP technique
[17]. In our study, the rate of patients whose epiphora
complaints completely resolved was found to be 80%. In 4
eyes (9.3% of patients), the distal passage lavage transition
time was longer than 5 seconds, which was evaluated as
partial lacrimal passage insufficiency.

In a study by Ali et al., restenosis developed in 5.7% of
patients [16]. In our study, restenosis developed in 5 pa-
tients (11.68%). The stenosis was reopened with repeated
surgical intervention, and during follow-up, the punctum
remained patent.

After punctoplasty, intubation materials placed in the
punctum can be used to prevent the re-adhesion of the
wound lips. In the early stages, after performing puncto-
plasty with the punch method, silicone punctal plugs were
used. However, due to inflammation caused by the silicone
material itself, the use of more hydrophilic materials (such
as Polyvinylpyrrolidone - PVP) has been adopted [18,19].
Studies have shown that punctoplasty surgery performed
with intubation using perforated punctal plugs coated with
PVP hydrophilic material yields better results [19].

Intracath tubes, commonly used as intravenous catheters,
are frequently made of Teflon by manufacturers. In re-
cent years, Vialon biomaterial has also been preferred.
Teflon is a fluoropolymer made of polytetrafluoroethy-
lene (PTFE) [20]. Vialon, on the other hand, is made
of polyether urethane and is more flexible, softer, micro-
textured, and hydrophilic compared to Teflon [21]. The
intracath used in this study is made of Teflon (B-cat2 I.V.
cannula, intra-cath-2 I.V. cannula) and has a hydrophobic
character. However, no studies comparing silicone mate-
rial and Teflon material have been found in the literature.
This could be further supported by future studies.

Mini Monoka (MM) tube implantation can also be per-
formed after punctoplasty surgery. In a study by Hussain
et al., they performed intubation with the MM tube for
6 weeks after probing and reported early success rates of
88% [22]. After the use of the MM tube, complications
such as tube migration, early extrusion, and tube loss can
occur [7]. In this study, the intracath used after intubation
is sutured to the skin with 6/0 Vicryl. This helps prevent
complications such as dislodgement and migration. Addi-
tionally, contact of the rigid tube material with the ocular
surface can be avoided. Furthermore, during surgery, fluid
is passed through the intracath to confirm that intubation
within the canaliculus is performed peroperatively.

The limitations of our study include the absence of a con-
trol group for comparison and the lack of literature com-
paring Teflon and silicone materials, highlighting the need
for further studies to support our findings.

Conclusion
In conclusion, we believe that punctoplasty surgery with
the aid of a 22G intracath could be a reliable and low-cost
alternative method.
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Dear Editor,
Hematopoietic stem cell transplantation continues to be
the gold standard treatment option for various blood can-
cers, and one of its mortal complications is graft-versus-
host disease (GVHD). This is due to cell death as a re-
sult of tissue damage following chemotherapy and/or ra-
diotherapy during the preparation for transplantation. It
is also known that danger-associated molecules liberated
during tissue damage after chemotherapy and radiother-
apy may be responsible for the development of GVHD.
Endogenous and exogenous pathogen-associated molecu-
lar patterns trigger a potent danger signal response and it
is defined as damage-associated molecular patterns. These
danger signals result in cytokine release by activating nu-
clear transcription factors such as nuclear factor (NF)-κB,
early growth response factor (Egr1), and activator pro-
tein (AP)-1. These are classified into exogenous and en-
dogenous factors. Endogenous danger-associated molecu-
lar patterns include factors such as high mobility group
box 1 (HMGB-1), S100 proteins, elastase inhibitors, de-
fensins, cathelicidins, regenerative protein family (Reg),
heat shock proteins, heparan sulfate proteoglycans, adeno-
sine triphosphate, and uric acid and induce danger sig-
nals almost immediately during unprogrammed cell death
[1]. New therapeutic option targeting danger-associated
molecular patterns may be a promising alternative for
GVHD therapy.
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Heparan sulfate is a complex, linear polysaccharide be-
longing to the glycosaminoglycan familythat shows a di-
verse interaction with intracellular and extracellular matri-
ces. At the beginning of GVHD, the serum concentration
of heparan sulfate rises and correlates with the disease’s
severity. Studies on experimental models have shown that
alpha-1 antitrypsinsignificantly lowers heparan sulfate lev-
els, and this decrease in heparan sulfate is linked to a de-
crease in the intensity of GVHD. Moreover, alpha-1 an-
titrypsin reduces inflammatory cytokines like TNF-α and
IL-1β. However, it boosts IL-10 production, and promotes
Treg expansion [2]. In our center, we also demonstrated
that alpha-1 antitrypsin, which affects heparan sulfate lev-
els, plays an important role in resistance to acute GVHD
after allogeneic stem cell transplantation in 5 patients [3].
No treatment-related side effects were observed in our
patients included. Further studies on different danger-
associated molecular patterns, and their efficacy in the
treatment of GVHD should be panned.
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